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The driving force behind this research has been the hypothesis that the uncertainties, 
risks and potential for conflict faced by decision makers charged with making 
environmental investment, policy or strategy decisions are best managed by a process 
that integrates stakeholder preferences and needs into the decision process. To be 
effective this process must aim to define the goals of these stakeholders, the particular 
performance attributes which help to achieve these goals, the relative preferences for 
these attributes and their perception of the alternatives’ performance against these 
attributes. In this research, such a process has been termed Stakeholder Value Analysis 
(SVAJ.
From a decision maker’s perspective this process is both challenging and problematic 
since it is highly complex and is not supported by the traditional decision making tools 
of decision makers such as Net Present Value (NPV), Payback and Cost Benefit 
Analysis (CBA).
With these challenges in mind, coupled with extensive literature review and 
development and validation work in industry, this research has resulted in the 
specification and development of a methodology to support a Stakeholder Value 
Analysis process. In practical terms this process is operationalised through a toolkit of 
inter-linked decision support models which the research work has either developed or 
identified.
Application of SVA to real life decisions has resulted in a portfolio of case studies, 
whereby each demonstrates not only how the SVA process addresses the challenges of 
environmental decision making and how it adds value to the decision making process, 
but also how it can be used to support diverse decision types characterised by different 
levels of uncertainty and strategic importance. In this way this research’s development 
and validation work has shown that the SVA process is flexible and adaptive, meets a 
definite need and adds value to the decision process in a supportive and practical way.
A Rea d er ’s GuroE
This portfolio is arranged into a number of components or ‘parts’. These have been 
arranged so as to meet the requirements of the degree of Doctor of Engineering joint 
regulations \
The key component of the portfolio is the ‘Overarching Document’^ . This brings 
together the overarching findings and conclusions from the research and therefore 
draws on all the other parts of the portfolio. Its principal role is therefore to present and 
defend the research’s thesis.
The Table overleaf lists and briefly describes the parts defining this portfolio. The 
specific content, fimction and role of these components are described in more detail 
within the ‘Overarching Document’ as appropriate. All parts except Part VII are public. 
This part has been classified confidential since it contains information which is subject 
to a confidentiality agreement with the participating company.
Please note that due to the portfolio approach used to demonstrate this research’s thesis 
and contribution to knowledge, and the fact that contributory reports have been 
produced at regular intervals over the four year duration, there is an element of overlap 
between certain documents included within the portfolio. This is particularly true for 
reports collated within Parts IV, VI and Vn.
 ^ Brunei University and the University of Surrey (1997), “Joint Regulations the Degree of Doctor of 
Engineering”, in The Engineering Doctorate (EngD) in Environmental Technology, Course Handbook for  
Research Engineers and Supervisors, 5 September, Brunei and Surrey.
^ The Engineering Doctorate regulations (see footnote 1) refer to an ‘Executive Summary’. This portfolio 
describes this document as the ‘Overarching Document’. Therefore all references to the ‘Overarching 
Document’ should from here on be viewed as synonymous to the document referred to as ‘Executive 
Summary’ in the Engineering Doctorate joint regulations.
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G l o ss a r y
Alphabetically Listed Definitions
Clean Technology: Technology solutions which aim to tackle environmental problems 
at source and remove the pollutant from the system altogether.
Decision Alternatives: The particular investment options, projects or strategies which 
are being considered by the decision makers and stakeholders in terms of the their goals 
and the decision’s performance attributes.
Decision Analyst: The person responsible for gathering and synthesising the 
information. Normally it is preferable if they are not a stakeholder of the decision.
Decision Maker: The specific ‘stakeholder’ responsible for justifying the decision to 
the other decision stakeholders. The decision maker has authority over the resources 
being allocated. Presumably, he (or she) makes the decision in order to further meet 
certain aims or objectives. Within the context of this research the decision maker can be 
from either the public or private sectors.
Decision Models: Logical and perhaps even mathematical representations which allow 
the decision maker to estimate the possible implications of each course of action that he 
might take, so that he can better understand the relationship between his actions and his 
objectives.
Decision Owner; The stakeholder who faces the financial consequences of the 
decision. At the lowest level this could be an individual; however within the context of 
this research it typically refers to a company or public organisation.
Decision: Constitutes some sort of process leading to an action. This could be an 
investment, policy or strategy. All of these involve some form of action resulting in 
consequences. It is irrevocable in itself, although a subsequent decision might reverse it.
End-of-Pipe Technology: Solutions which typically involve ‘bolt on’ abatement 
technologies. The effect is therefore not to remove the pollutant but to convert or 
transfer it to another form and, necessarily, to incur additional costs.
Financial Value: Performance Attributes that can be directly measured in financial 
units, for example the ‘capital cost of investment’.
Goal: The decision maker might set a goal for the decision, which is a specific degree 
of satisfaction of a given objective. For example, the objective of the decision might be 
to increase wealth, and the goal might be to make a million pounds.
Long term: The period after which all costs are variable.
IV
Non-Financial Value: Performance attributes for which no direct financial measure 
exists. These could include costs associated with, for example, laying off workers, or 
negative impacts on reputation.
Objective: The specific aims which it is hoped can be achieved by allocating the 
resources (decision).
Outcome: The outcome is the result of the decision and is measured on the scale of the 
performance attributes driving the decision. Since the outcome is the result not only of 
the chosen alternative but also of the uncertainties, it is itself an uncertainty. For 
example, an objective might be to increase wealth, but any alternative intended to lead 
to that outcome might lead instead to poverty.
Performance Attribute: A criterion or quality which the decision’s stakeholders 
identify as important for comparison of decision alternatives.
Preferences or Priorities: These are sometimes referred to as trade-offs or weights. 
They indicate the relative importance of the performance attributes driving a decision. 
In practical terms they can be viewed as conversion factors which indicate the amount 
of one performance attribute which will be sacrificed in order to gain more of another. 
For example, in a personal context, a decision maker may need to make a trade-off 
between hours spent at work (something he may wish to minimise so as to maximise the 
time he spends with his family) and the amount of income he receives.
Probability Distribution: A probability distribution is a mathematical form for 
capturing what we know about uncertainties, and how confident we are of what we 
know. A probability distribution could record, for example, that the decision maker (or 
his designated expert) believes that there is a 30 percent chance of a product having less 
than 10 percent market share 2 years after its launch, and a 60 percent chance of the 
product having less than a 30 percent market share. After assigning probability 
distributions to each uncertainty, one can examine the uncertainty associated with the 
outcomes of the decision situation. For example, given probability distributions for 
price, market share, market size, cost, etc., one can determine a probability distribution 
for profits.
Risk: A decision is subject to risk when there is a range of possible outcomes which 
could flow from it and when objectively known probabilities can be attached to these 
outcomes. Risk is therefore distinguished from uncertainty, where there is a plurality of 
outcomes to which objective probabilities cannot be assigned.
Simple Decision: This is a situation where only one decision needs to be made, even 
though there might be many alternatives. If at the same time we attempt to add another 
decision, we have created a problem of strategy.
Stakeholders: These are more-or-less organised groups of people who stand to be 
affected by the implications of a decision and who directly or indirectly have the power 
to or are given the opportunity to influence the consequences of a decision.
v
strategy: This is a situation in which several decisions are to be made at the same time. 
Each of the decisions in the strategy will have different alternatives, and the decision 
maker will attempt to choose a coherent combination of alternatives. For example, if 
the decision maker is considering whether to buy a new car or keep his 10-year old one, 
and at the same time he is considering the insurance decision, he might compare only 
two candidate strategies: keep the old car and not buy motor insurance, or buy a new car 
and buy some level of motor insurance.
Total Value: The cumulative sum of performance against the decision’s prioritised 
performance attributes (these can be both financial and non-financial).
Trade-offs: See preferences.
Uncertainty: The ratio of what one knows to what one needs to know to make a 
decision. Uncertainty less than one implies that there is a plurality of outcomes to 
which probabilities cannot be attached.
Utility: Utility is an arbitrary unit used by economists to measure consumer 
satisfaction, pleasure or need fulfilment derived from consuming some quantify of a 
good.
Value: Compound indicator of the stakeholders’ preferences and performance 
perception for the performance attributes contributing to achievement of their goals for 
the decision. It is therefore an indicator of what stakeholders value in the sense of their 
“relative worth, utility or importance "(Longmans dictionary definition for ‘value’), and 
is consequently distinguished fi'om a stakeholder’s ‘values’ in the moral sense.
Value Tree: The structure used to describe the decision aim and performance attributes 
defined by the decision’s stakeholders. A value tree's hierarchical levels follow directly 
from definition of an overall aim for the project at the top, to performance attributes 
that contribute to achieving the top level aim, to sub-performance attributes (which 
jointly contribute the attributes directly above) and so forth.
Some Key Distinctions
Key distinction: decision vs. objective
Example: To accelerate an R&D program is an objective, not a decision. To
allocate the funds in an effort to accelerate the program is a
decision.
Why it's important: The decision might not succeed in achieving the objective. One 
might spend the funds and yet, for any number o f reasons, achieve 
no acceleration at all.
Key distinction: good decision v a . good outcome
VI
Example: Someone who buys a lottery ticket and wins the lottery obtains a 
good outcome. Yet, the decision to buy the lottery ticket may or 
may not have been a good decision.
Why it's important: A bad decision may lead to a good outcome and conversely a good 
decision may lead to a bad outcome. The quality o f a decision must 
be evaluated on the basis o f the decision maker's alternatives, 
information, values, and logic at the time the decision was made.
Key distinction: financial vs. non-flnancial values
Example: The financial value o f a new product might be the current value o f
the future cash flow associated with the manufacture and sale o f  
the product. The non-financial value might include effects like 
increased goodwill or strategic advantage that come from having 
the product but are not directly associated with the manufacture 
and sale o f the product.
Why it's important: Financial and non-financial sources o f value must be included in 
the decision process, i f  one is to think appropriately about values. 
It is better to consider non-financial values (so they can be 
discussed and evaluated) than to assume they are worth precisely 
zero
Key distinction: 
Example:
strategy vs. goal
Launching two new products a year is a goal. Investing in 
additional personnel, while at the same time stopping the funding 
o f some stalled projects, is a strategy intended to lead to that goal.
Why it's important: Strategy describes a collection o f actions that the decision maker 
takes. The outcome o f the actions is uncertain, but one o f the 
possible outcomes is attainment o f
vn
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1. T h e  C o n t ex t  a n d  C h a l l e n g e s  o f  E n v ir o n m e n ta l  D ec isio n  
M a k in g
The environment, and how governments and companies impact upon it through their 
decisions, is a complex and often controversial and emotional subject On the one hand, 
this is explained by the potentially numerous and diverse stakeholder groups**^  affected 
by such decisions, many of whom appear at first sight to have contradictory and highly 
emotive environmental stances. On the other hand, decision makers^ themselves are 
often reluctant to engage in debate with these groups, held back by fear that this may 
result in a stalemate of conflicting demands or, potentially even worse, result in a 
lengthy, acrimonious and confusing public debate.
Effective management of such debates is complicated by the fact that decisions which 
can influence the final environmental performance of a project typically share some or 
all of the following characteristics, which individually or compounded can potentially 
lead to discord between stakeholders and decision makers:
Multiple Objectives. Often it is desirable to achieve several objectives at once. For 
example. Shell's ‘Way Forward’ approach (Shell, 1996; Faulds, 1996) describes the 
company's wish simultaneously to minimise environmental impacts, minimise health 
and safety hazards and maximise the economic benefits fi'om the decommissioning of 
the Brent Spar.
Stakeholder Dependant Trade-offs. Unless entirely dominated^ by a single solution, 
decisions with multiple objectives must involve trade-offs between different objectives. 
Clearly these trade-offs will vary between different stakeholders, since the different 
stakeholder groups will normally be driven by different goals.
Intangibles. Investment appraisal techniques, such as Net Present Value (NPV), 
traditionally used to guide the decision process cannot accommodate the full range of 
critical success factors, such as changes in environmental image which is notoriously 
difficult to quantify let alone monetise.
Long-Term Horizons. The consequences of many environmental decisions are not all 
felt immediately. This is particularly true if one considers ‘clean technology’ solutions. 
Rather than just bolting on ‘end-of-pipe’ solutions, ‘clean technology’ aims to tackle 
pollution at source and may involve radical restructuring of existing plant, a new 
process or even lead to the development of an entirely new product. Whilst ‘clean 
technology’ solutions are generally welcomed by stakeholders such as 
environmentalists, regulators and the general public, such investments pose problems
 ^ Stakeholder groups are defined here as more-or-less organised groups o f people who stand to be affected 
by the implications o f a decision and who directly or indirectly have the power to or are given the 
opportunity to influence the consequences o f a decision. For example enraged customers may choose to 
boycott a certain product.
 ^For example. Charter (1992, p67) identifies and describes 18 stakeholder groups o f company decisions.
 ^Decision makers are the stakeholder group charged with analysing and justifiông a decision choice to all 
other stakeholders o f the decision.
*^A solution is ‘dominant’ if it preferred over all other solutions with respect to all decision objectives.
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for decision makers trying to work with short payback periods. For example, Christie e/ 
al found that the key barrier faced by companies wishing to justify clean technology 
solutions was meeting the company’s rather inflexible and short payback period 
requirements (typically less than two years) for project acceptance ( 1995).
All of these characteristics bring with them many unknowns. From a decision makers 
perspective these unknowns, most notably the implications of stakeholder preferences 
on the decision’s outcome, heighten the possibility that the decision does not meet its 
objectives. In the case of Shell’s initial attempt to dispose of the Brent Spar, it was 
these preferences which ultimately resulted in a costly and humiliating back-down for 
the company. Whilst this case was unusual in the amount of press coverage it generated, 
it is now regarded as one example rather than an unique event, of how stakeholder 
action can ultimately reverse a decision.
Put simply, the way stakeholders react to decisions (both in the public and private 
sectors) can have a dramatic effect on the success or failure of a decision, be this 
measured in terms of sales revenue, market share or any other strategic or competitive 
indicator. In the case of environmental decisions, which have the potential to impact a 
widely disparate set of stakeholder groups, there is a clear incentive for decision makers 
to consider their needs and preferences prior to making an investment, policy or strategy 
decision.
Referring again to the Brent Spar, it is not surprising that Shell adopted a new process 
based around stakeholder consultation for choosing tiie Best Practicable Environmental 
Option (BPEO) for the redundant platform, which they have termed “The Way 
Forward” (Shell, 1996; Faulds 1996). The specific recommendations made by the 
Environment Council, who have been the facilitators of this process illustrate the 
importance of stakeholders and their preferences (Environment Council, 1996):
“This report clearly indicates that the final selection to determine the preferred 
solution will have to resolve and rationalise widespread concerns over marine, 
land, and air pollution, then compare and weigh them against safety, risks, costs 
and societal value. ”
Although the problems faced by Shell represent an extreme case, they are by no means 
unique; rather they illustrate many of the problems faced by decision makers in the 
public and private sectors. It is clear that pressures on organisations (public and private) 
to conform to the societal needs are growing^ and this is by no means unwelcome. 
Indeed, the Brent Spar case shows that decision makers must consider not only a wider 
set of costs and threats, but also benefits and opportunities during their decision 
process, and that this process can best be managed by working together with their 
stakeholders. Initially this may seem an alien concept; however the process of 
internalising stakeholder preferences into the decision process is by no means
 ^ A number of organisations have been formed whose aim is to exert pressure on organisations to engage 
their stakeholders, e.g. The Advisory Committee on Business and Environment (ACBE, 1997), the World 
Business Council for Sustainable Development (WBCSD, 1997), the United Nations Environment 
Programme, and the Institute o f Environmental Management (lEM, 1996).
Overarching Document Graham Earl
Thesis & Contribution to Knowledge__________________ ____________  Engineering Doctorate
counterintuitive to meeting the strategic objectives of the decision makers - as the case 
with the Brent Spar has shown, unless decision makers consider stakeholder 
preferences, they might (in the worst case) not achieve any of their objectives.
This situation adds new and difficult challenges to decision makers, and ones which are 
not readily resolved through their traditional tools such as Discounted Cash Flow 
Analysis, Payback Analysis or Cost Benefit Analysis^. Put simply, it is not enough to 
produce financial figures to justify environmental decisions^ if the analysis does not 
attempt to tackle the complex and possibly contradictory needs and preferences of the 
decision’s stakeholders.
2. St a k e h o l d e r  Va l u e  A n a ly sis  -  A n  A p p r o a c h  fo r  M a n a g in g  
U n c er ta inty
Given an often sceptical audience it would seem that an obvious way to reduce decision 
uncertainty, manage the decision and reach consensus if necessary is to include this 
audience in the decision process. A practical and effective mechanism to achieve this is 
to follow a decision process which not only defines the particular performance 
attributes important for making the decision, but also the relative importance 
stakeholders place on these attributes and how they judge the alternatives’ performance 
versus these attributes. In this research, such a process has been termed Stakeholder 
Value Analysis (SVA), where ‘stakeholder value’ is an indication of the comparative 
preferences of a stakeholder and is defined through two levels of preference:
1. Stakeholder trade-offs between the particular performance attributes relevant for 
the decision; and (but not necessarily)
2. The degree to which a stakeholder’s expectations are met by the performance of 
the possible alternatives with respect to each performance attribute.
At this point it is worth defining uncertainty more closely since this will help to show 
how it can be better managed through SVA. In quantitative terms uncertainty can be 
defined as the ratio of what one actually knows about a decision to what one needs to 
know to make a decision*. By implication this definition introduces two challenges to 
the decision maker Not only is it necessary to maximise the amount of information one 
obtains, but one also needs to define what one needs to know, which may not be 
straightforward.
The approach termed here as Stakeholder Value Analysis (SVA) tackles both these 
challenges. Firstly, it helps to define the performance attributes important for the 
decision, i.e. the denominator for uncertainty, or what one needs to know. Secondly, by 
eliciting stakeholder preferences it also helps to maximise the amount of information 
one has for making the decision, or the numerator for uncertainty. Therefore in this 
respect SVA can be viewed as an effective approach for managing decision uncertainty.
 ^These tools and their strengths and weaknesses in the context of this research are discussed in Part I. 
 ^Decision as used here to refers to any of the following; investment, policy or strategy decision.
* The closer the value of this ratio to one the lower the uncertainty.
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Indeed, not only does it capture stakeholder values (in the sense defined above) - and 
therefore offer a mechanism to distinguish the most favoured alternative - but also, by 
eliciting stakeholder preferences (trade-offs between the performance attributes), it 
provides a process and framework within with to identify inter-stakeholder preference 
differences and similarities and consequently provides a more pragmatic approach to 
reconcile these.
Clearly certain factors are incommensurable and cannot be traded-off. Examples 
include certain “moral principles or accepted standards o f a person or group"^, or 
alternatively what O’Neill has termed ‘ethical preferences’ and described as (1997):
“Ethical 'preferences ' are not like non-ethical preferences. They are substantive
positions that reject the presuppositions o f utilitarianism. ”
Stakeholder Value Analysis does not claim to be able to measure or reconcile such 
‘values’. Instead it addresses those performance attributes or qualities that stakeholders 
value in the sense of their “relative worth, utility or importance In other words, 
SVA focuses strictly on those qualities which stakeholders have identified as important 
for driving the decision and these will often (but not always necessarily) have nothing to 
do with ‘values’ in the moral sense. In other words, SVA concentrates on performance 
attributes rather than ‘values’ in the deeper or more general sense. Therefore the 
emphasis of the approach is ‘decision support’, where the decision depends on the 
weighting of performance attributes (for example buying a car) rather than the 
underlying stakeholder values.
Where ‘values’ in the deeper sense are involved - e.g. whether car travel is to be 
discouraged - the approach can still serve to identify areas of ‘dissonance’ between the 
various stakeholders, and by highlighting these the method can be used as a tool for 
conflict resolution between perhaps dichotomous value paradigms. For example, it is 
not always known which performance attributes are incommensurable (are deeper 
values) and establishing whether they are or not is in itself helpful. Secondly, where 
some if not all performance attributes are commensurable, the SVA process can help to 
focus the discussion on to those preferences. In some cases this analysis can show that 
only a subset of the preferences are in fact critical in influencing the decision - the fact 
that some are inconunensurable may therefore not be an issue.
In other words, this approach offers a process for ‘data driven consensus’, or a 
mechanism to obviate ftie discussion on ‘values’ in the broader sense by focusing on 
performance attributes and stakeholder preferences amongst these. Consequently, the 
fact that certain ‘values’ are incommensurable is therefore not necessarily a limitation 
of the approach.
Clearly the SVA approach cannot guarantee to reach a consensus position, since it does 
not aim to ‘force’ consensus. Once again this is not necessarily a limitation of the 
approach. Instead SVA relies on defining stakeholder preferences for the decision’s 
performance attributes, analysing these for consensus and conflict, and exploring how
 ^This is a definition offered by the Collins English Dictionary (3rd edition) for ‘values’, i.e. in the plural. 
This is a definition offered by the Longmans English Dictionary for ‘value’, i.e. in the singular.
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these positions can influence the decision. Even if it is found there are major 
discrepancies between the preferences of different groups, the SVA process and 
identification of the source of the differences, may in themselves be important 
contributors towards a more rewarding, responsible and accepted solution^ \
3. T h esis
The thesis of this research is that it is possible to develop a generic decision support 
model which supports a Stakeholder Value Analysis (SVA) process, or in other words a 
process which can;
• Identify, represent and engage the decision’s stakeholders;
# Elicit their particular objectives and performance attributes important for making 
the decision;
• Describe their preferences for the performance attributes; and
• Define their assessments of each alternative against each of the performance 
attributes.
Furthermore, that by applying this process in an interactive and iterative way with the 
stakeholders of complex decisions (namely those that can impact the environment) this 
will help to:
Manage decision uncertainty;
Identify a stakeholder-wide preferred alternative, but if this is not possible;
Support a conflict resolution process which aims to reach consensus, and may as a 
result lead to the definition of new alternatives.
Underlying this thesis there are two fundamental aims:
• To make decision makers’ decisions more compatible with other stakeholder’s 
preferences, and so help identify or ‘invent’ better decision outcomes; and
• To enable a wider range of stakeholders to be involved in the decision making 
process.
Clearly fulfilment of these aims will depend on identifying stakeholders and 
representing their views in the SVA process, and this brings into question who decides 
which stakeholders take part in the process. In practice this will often be the decision 
makers and owners. Therefore, in this respect the SVA approach is not truly 
democratic, however it does offer the possibility to be such. For example, it is in the 
interest of the decision makers to allow stakeholders to identify and select other 
stakeholders, since by definition any stakeholder has the potential to affect the 
decision’s consequences and create uncertainty. The assumption is therefore that 
stakeholder identification and selection is reflexive (i.e. part of the decision process).
The practical mechanisms and tools of SVA which can help achieve this are described in detail in Part III 
of the portfolio.
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and will therefore help to ensure just representation of all stakeholders and 
consequently the legitimacy of the process^ .^
It is fair to say that decisions driven by SVA will not necessarily result in decisions 
which are ‘environmentally superior’ - this outcome is driven by the stakeholders’ 
preferences. SVA does however offer the possibility for a wider set of stakeholder 
preferences to be considered Consequently, if stakeholders indicate a strong preference 
for environmental performance as opposed to say financial cost, SVA offers a process 
to justify environmentally superior investment alternatives such as ‘clean technology’.
The vehicle for investigating this thesis and meeting its aims will be through industrial 
test cases.
4. D e fe n c e  o f  th e  T h e sis
4.1 L it e r a t u r e  R e v ie w
Part VI of this portfolio collates the research’s progress reports and dissertation. These 
discuss, describe and draw conclusions on the immediate pressures and challenges 
facing corporate decision makers (see for example, the Dissertation, Section 3.1 
Literature survey). These conclusions have been used as the basis for the arguments 
developed in this document
Part I of the portfolio critically surveys and appraises the most common decision tools 
and their abilities to meet the challenges of environmental decision making as set out in 
Section I of this document. It concludes that ‘decision analysis’, or multi-attribute 
decision making is a suitable tool to meet these challenges and hence manage decision 
uncertainty. It also suggests a ‘Toolkit’ approach, based upon a multi-attribute decision 
model, to complement and link together other decision tools such as the Paras financial 
model and conjoint analysis^ .^
Part n  of this portfolio reviews and analyses the basic components and competing 
support methodologies of decision analysis. This analysis is able to make specific 
recommendations on which of the competing methodologies of decision analysis are 
methodologically and practically best suited to meeting the challenges set out here and 
in Part I.
4.2 St a k e h o l d e r  V a l u e  A n a l y sis  T o o l k it
To investigate this thesis, the engineering doctorate work has led to the development of 
a generic methodology called Stakeholder Value Analysis (SVA) and associated SVA
Stakeholder identification, r^resentation and decision legitimacy is discussed in Part HI o f the portfolio. 
^^ The elements o f the Toolkit and how they interact to support complex environmental decisions are 
described in Part TH. Note that the ‘Toolkit’ only refers to the set o f standalone models which have been 
identified and developed by the research and not to the basics o f stakeholder consultation or dialogue - this 
aspect is embodied in the SVA process and is described in the practical applications held in Parts rv  and 
v n  o f the portfolio.
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Toolkit. Part III of the portfolio describes the SVA Toolkit, its components and how to 
apply them in practice.
The development process leading to the SVA Toolkit has been based on a number of 
industrial applications. These applications have been carried out in series and selected 
so that each builds on and tests ideas generated in the previous applications. The 
development work has therefore been incremental and has throughout followed a 
defined strategy. This strategy has been guided by two independent considerations, and 
requires that each successive application to:
1. Widen the number and type of stakeholders involved in the decision process; 
and/or
2. Deal with decisions of greater strategic importance. In this context strategic 
importance refers to the short and long-run financial and competitive 
consequences of the decision to the decision owners.
Taken together these dimensions define the complexity and potential for conflict 
associated with the industrial applications or test cases (TC). This progression is 
illustrated in Figure 1 and shows that each test case has been developed so as to build 
upon previous applications of the research. The aim is to demonstrate that the SVA 
approach is flexible and adaptable enough not only to support decisions with both low 
uncertainty and strategic importance but also, most importantly, those decisions which 
are in the upper right hand comer of Figure 1 - namely decisions with high strategic 
importance, affecting many stakeholders and therefore with the greatest potential to 
cause conflict and discord.
Test Case (TC) 
direction
Cost or
Strategic
Importance
TC6
TC5
Increasing 
potential for 
conflicts
TC4TC3
TC2
TCI
Uncertainty or Stakeholder Numbers
Figure 1 Strategy for Test Case Definition
It is interesting to note the similarities between the characterisation of decision 
complexity shown in Figure 1 and Funtowicz and Ravetz’ (1995) characterisation of
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decisions "^ .^ Funtowicz and Ravetz (1995) describe different sorts of problem-solving 
strategies through a biaxial diagram (illustrated below as Figure 2). This classifies these 
strategies by reference to the two attributes of ‘systems uncertainties’, which is 
analogous to stakeholder numbers in Figure 1, and ‘decision stakes’, which is likewise 
analogous to strategic importance in Figure 1.
Decision
Stakes
Post-Normal'»^
''.Science
Professional \  
''•Consultancy
Applied
Science
Systems Uncertainty
Figure 2 Three types of problem-solving strategy (after Funtowicz & Ravetz, 1995)
The area where both these axes are high (top right hand comer of Figure 2) is described 
by Funtowicz and Ravetz as ‘post normal science’ or where:
“the traditional opposition o f 'hard'facts and 'soft' issues is inverted; here 
we find decisions that are 'hard' in every sense, for which the scientific 
inputs are irremediably 'soft'" (1995, p 417).
The authors continue to conclude that the:
“traditional strategies o f scientific problem solving ... are now no longer 
appropriate to the new challenges o/[post normal science] decision making 
. . .  with all their complexity and uncertainty. " (1995, p422-423).
Using Funtowicz and Ravetz’ (1995) terminology, the test case strategy adopted by this 
research is building from decisions with low complexity and uncertainty, referred to as 
‘Applied Science’, to those described by ‘Post-Normal Science’ where the “facts are 
uncertain, values^  ^ in dispute, stakes high and the decision urgent” (Funtowicz and 
Ravetz, 1992 , p 253).
This similarity became evident only towards the end of the research project. Funtowicz and Ravetz’ 
(1995) characterisation o f decisions is therefore simply offered here as an alternative (but essentially 
similar) way for characterising decisions.
In the case of this research ‘values’ needs to be interpreted through the definition offered in the glossary, 
e.g. an indicator o f what stakeholders value in the sense of their “relative worth, utility or importance ”.
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Referring back to Figure 1, this strategy is embodied through the test cases (TC jc) 
shown in the diagram. The main elements of these are described in the subsequent 
sections, using the following format:
• Test Case Dimensions: Classification of the test case in terms of the dimensions 
shown in Figure 1 together with a description of the research aims, sponsor, 
project specification and reference to the detailed report of the study.
• Key Indicators: Definition of specific inputs and outputs fi'om the project
• Thesis Defence: Cross correlation of the major findings from the research to the 
thesis’s underlying assumptions and aims (see section 3).
Parts IV (public test cases) and VH (confidential test case) of the portfolio collate 
reports and published papers which describe each test case’s objectives, methodology, 
results and conclusions in detail.
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4.3 T e st  Ca se  1 : W a st e  M a n a g e m e n t  C o n t r a c t o r  S e lec tio n
Test Case Dimensions
Test Case Dimensions Descriptors
Strategic Importance Medium
Uncertainty Medium
Conflict Potential Low
Research Aims Develop a generic, flexible and simple multi criteria 
methodology for a relatively simple environmental investment 
appraisal.
Sponsor British American Tobacco (BAT)
Short Specification Waste management contractor selection.
Detailed Report See Part IV, Report 4/1.
Key Indicators
Indicator Measure
Company feedback Positive
Number of stakeholder interviews 8
Number of group sessions 1
Number of people participating in group 
sessions
8
Toolkit component developed/used MADE, Paras
Research aims met • Developed MADE.
• Added value to British American 
Tobacco’s decision process.
• Helped achieve group consensus and link 
decision to company’s strategic 
objectives
10
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Thesis Defence
Thesis Assumptions Testcase output which underpins thesis
It is possible to identify, 
represent and engage the 
decision’s stakeholders.
• This project identified and engaged individuals with 
responsibility for the major operational functions 
affected by the decision. The stakeholders were 
necessarily internal to BAT since the decision had 
limited external applicability.
It is possible to identify the 
performance attributes 
driving the decision and 
measure stakeholder 
preferences between these.
• A value tree was constructed and agreed upon by the 
decision stakeholders which included less tangible 
performance attributes, for example environmental 
performance. This value tree was able to link these 
performance attributes to the company’s strategic 
objectives.
• Financial performance was shown not to be the most 
important performance attribute to BAT.
• Environmental performance was put into context with 
other performance metrics such as cost.
Structuring and measuring 
stakeholder preferences can 
help decision makers 
manage decision 
uncertainty.
• Sensitivity analysis showed that the winning option 
suggested by the analysis was robust to large changes in 
weights. Confidence in the final option was therefore 
strong.
Measuring cmd analysing 
stakeholder preferences 
supports complex decision 
making and provides d  
process which can help 
achieve consensus.
• The chosen option maximised performance against 
performance attributes which were strategically 
important to the company. Therefore the analysis helped 
justify an option which provided optimum value to the 
company and not the one which was the cheapest.
• The process produced a clear decision ‘audit trail’ which 
quantitatively demonstrated the basis for the decision. 
Because this process linked specific decision attributes 
to strategic objectives and there was stakeholder 
agreement on the relative importance for the value tree’s 
‘branches’ this provided a frame of reference and 
quantitative basis to diffuse conflicts and justify the 
higher cost option to higher management.
11
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4.4 T e st  Ca se  2: C o n jo in t  An a l y sis  O f  C o r po r a t e  B u y e r ’s  Pr e f e r e n c e s  
F o r  In k je t  P r in t e r s  A n d  Ca r t r id g e s
Test Case Dimensions
Test Case Dimensions Descriptors
Strategic Importance Low
Uncertainty High
Conflict Potential Medium/Low
Research Aims Test conjoint analysis methodology^^ for measuring the 
relative importance of environmental performance for 
corporate buyers. Also determine if  conjoint analysis is a 
suitable and a necessary standalone tool to incorporate in the 
SVA Toolkit
Sponsor Hewlett Packard initially
Short Specification Conjoint Analysis of corporate buyer’s preferences for inkjet 
printers and cartridges.
Detailed Report See Part IV, Report 4/2.
Key Indicators .
Indicator Measure
Company feedback N/A
Number of stakeholder interviews 23
Number of group sessions N/A
Number of people participating in 
group sessions
N/A
Toolkit component developed/used Conjoint Analysis
Research aims met • Specific recommendations for manufacturers 
and marketers of ‘green’ products.
• The results indicate that conjoint analysis is a 
suitable tool for measuring consumer 
preferences. The MADE approach is not 
suitable in this context.
•  The approach and output from conjoint 
analysis differ to MADE, therefore it offers a 
useful addition to the SVA Toolkit.
16 Conjoint analysis is explained in detail in Part III.
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Thesis Defence
Thesis Assumptions Testcase output which underpins thesis
It is possible to identify, 
represent and engage the 
decision's stakeholders.
The research engaged a large sample of purchasing 
managers and the analysis of their preferences showed 
sufficient similarity (homogeneity in the preference 
data) to justify the project’s conclusions for this group.
It is possible to identify the 
performance attributes 
driving the decision and 
measure stakeholder 
preferences between these.
• The research indicates that consumer behaviour is 
driven by a complex myriad of factors. In terms of 
consumer decisions, price is important, although as the 
conjoint analysis has shown, other performance 
attributes are also significant.
Structuring and measuring 
stakeholder preferences can 
help decision makers manage 
decision uncertainty.
• The research has shown that the conjoint method is an 
effective technique for quantifying consumer buying 
preferences. Knowledge of these trade-offs is critical 
data for policy makers, marketers and manufacturers, 
especially if they wish to gain competitive advantage 
from a product’s environmental performance.
Measuring and analysing 
stakeholder preferences 
supports complex decision 
making and provides a 
process which can help 
achieve consensus.
• Research into green consumers indicates a growing 
demand for ‘green products’. However, there is little 
empirical research to prove consumers are willing to 
pay more. Manufacturers wishing to sell products with 
‘green credentials’ therefore face uncertainty as to how 
the market will receive their products. The unanswered 
question is “ Is there a competitive advantage of selling 
green products?”. Conjoint analysis offers a tool to 
predict and model the market consequences of a 
product’s environmental performance.
• The research indicates that environmental performance 
as a purchase criterion is poorly understood. 
Manufacturers wishing to gain value from a product’s 
‘greenness’ must therefore carefully examine and 
address the reasons behind this phenomenon. The 
research has shown that conjoint analysis provides 
quantitative data to help decision makers better 
understand consumer preferences and the reasons 
behind these preferences. Conjoint analysis data can 
therefore be used by decision makers to design 
proactive strategies to influence stakeholders, improve 
understanding and maximise the added value from 
‘green’ products and or policies.
13
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4.5 T est  Ga se  3: R is k  M a n a g e m e n t  In v e st m e n t  D e c isio n
Test Case Dimensions
Test Case Dimensions Descriptors
Strategic Importance High
Uncertainty High
Conflict Potential Medium
Research Aims Test the SVA methodology on a decision with long term 
strategic implications and conclude if the process helps to 
integrate strategic considerations into the decision process and 
help identify consensus amongst a group.
Sponsor Confidential
Short Specification Risk Management Investment Decision.
Detailed Report See Part Vn, Report 7/1.
Key Indicators
Indicator Measure
Company feedback Positive
Number of stakeholder interviews 8
Number of group sessions 1
Number of people participating in group 
sessions
8
Toolkit component developed/used MADE
Research aims met • Group consensus reached.
• Identified generic option for further 
analysis which meets the company’s 
strategic objectives.
14
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Thesis Defence
Thesis Assumptions Testcase output which underpins thesis
It is possible to identify, 
represent and engage the 
decision's stakeholders
The project identified and interviewed eight members of 
staff. These were to chosen on the basis of their ability to 
represent both different levels of responsibility (from the 
plant manager downwards) and operational function 
(management, operations and maintenance).
Furthermore due to certain members’ work 
responsibilities, e.g. the plant manager is responsible to 
employees, shareholders, local residents etc., to some 
extent is was possible to represent these external groups 
though the chosen individuals.
It is possible to identify the 
performance attributes 
driving the decision and 
measure stakeholder 
preferences between these.
The value tree and weights driving this decision were 
defined through analysis of interviews with stakeholders 
with different levels and areas of responsibility at the 
company. Since the final weights also mirrored the 
company’s Environment Heath and Safety (EH&S) 
strategy, the decision team felt comfortable that any 
decision made following the value tree would directly 
link with the underlying principles outlined in the 
company’s EH&S strategy. It is important to note that all 
stakeholder weights were treated equally, i.e. 
stakeholders were not themselves weighted. This is 
recommended and was made possible in this case 
because all the stakeholders shared similar preferences.
The decision team placed relatively low preference on 
the financial performance branch of the stakeholder- 
wide value tree and high preference on environmental 
and health and safety performance.
Structuring and measuring 
stakeholder preferences can 
help decision makers 
manage decision 
uncertainty.
Prior to the analysis it was not clear which option best 
matched the decision team and stakeholder objectives. 
The analysis helped define the generic option which was 
likely to maximise the project objectives.
Measuring and analysing 
stakeholder preferences 
supports complex decision 
making and provides a 
process which can help 
achieve consensus.
The analysis showed that it is possible to cluster 
stakeholder weights. In this case although a wide and 
disparate set of stakeholders had been gathered all had 
shared a reasonably coherent preference structure for the 
range of trade-offs relevant to the decision. Therefore 
whilst on the surface there may have seemed to be 
conflicting objectives, driven by the stakeholder’s work 
responsibilities, in reality when analysed through the 
SVA methodology these were in fact limited to lesser 
and mostly insignificant performance attributes.
15
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4.6 T e st  Ca se  4 : T o t a l  V a l u e  An a l y sis  O f B io filter  In v e st m e n t
Test Case Dimensions
Test Case Dimensions Descriptors
Strategic Importance High
Uncertainty High
Conflict Potential Medium/High
Research Aims Apply research with internal and external stakeholders. Test 
feasibility of measuring public image value of local 
stakeholders.
Sponsor British American Tobacco (BAT)
Short Specification Total value analysis of biofilter investment.
Detailed Report See Part IV, Report 4/3.
Key Indicators
Indicator Measure
Company feedback Positive
Number of stakeholder interviews 8 internal
9 external
12 sent questionnaires
Number of group sessions 1 (feedback session)
Number of people participating in 
group sessions
14
Toolkit component developed/used MADE
Research aims met • Integrated preferences of both internal and 
external stakeholders in the analysis.
• Identified added value from the biofilter 
investment, including public image value.
• Used results to make specific 
recommendations for future investments.
16
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Thesis Defence
Thesis Assumptions Testcase output which underpins thesis
It is possible to identify, 
represent cmd engage the 
decision’s stakeholders
• This project identified and engaged three distinct groups; 
BAT management and employees, local residents and 
local influencers (those individuals who can influence 
decisions e.g., counsellors, MP, regulators).
It is possible to identify 
the performance attributes 
driving the decision and 
measure stakeholder 
preferences between these.
• Interviews with diverse BAT staff identified local 
stakeholder relations as a critical value driver for the 
biofilter.
• External interviews identified‘greenness’, ‘odour 
efficiency’ and ‘credibility’ as important attributes for 
choosing the biofilter technology. Follow up interviews 
were able to show the positive impact of the biofilter on 
these attributes.
Structuring and measuring 
stakeholder preferences 
can help decision makers 
mcmdge decision 
uncertainty.
• Interviews with BAT staff and local decision makers 
indicated that the biofilter’s success hinged almost 
entirely on the value placed on it by local residents.
• The analysis showed that the most important issue for 
local stakeholders was to reduce the odour impact of 
BAT’s site. The decision to invest in a state of the art 
biofilter, which the local Environment Health Officer has 
agreed is the Best Practicable Environmental Option for 
odour control, is therefore shown to strategically address 
the primary concerns of both local residents and decision 
makers.
Measuring and analysing 
stakeholder preferences 
supports complex decision 
making and provides a 
process which can help 
achieve consensus.
• The success of this investment hinged almost entirely on 
meeting local expectations and BAT proving its credibility 
and commitment. The research has identified the degree 
to which BAT has been successful; however perhaps more 
usefully it has also identified where the company could 
improve. Consequently the project is able to make 
recommendations for ways in which BAT can continue to 
manage its business risk and improve its local relations 
and credibility.
• Feedback from the interviews highlighted the importance 
for BAT to continue a proactive dialogue process in order 
to maintain and improve its local credibility and image 
and prevent conflict with local residents.
17
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4.7 T est  Ca se  5: D e v e l o p  A St a k e h o l d e r  Dr iv e n  En v ir o n m e n t  H e a l t h  &  
Sa fe t y  St r a t eg y
Test Case Dimensions
Test Case Dimensions Descriptors
Strategic Importance High
Uncertainty High
Conflict Potential Medium/High
Research Aims Test if the SVA methodology can be used to identify and 
define stakeholder-specific strategies to maximise the added 
value from a company’s environmental performance.
Sponsor Xerox Ltd.
Short Specification Develop EH&S strategy for the Environmental Affairs (EA) 
group at Xerox.
Detailed Report See Part IV, Report 4/4.
Key Indicators
Indicator Measure
Company feedback Positive
Number of stakeholder interviews 8 Environmental Affairs (EA) 
10 Business Managers
Number of group sessions 4
Number of people participating in 
group sessions
8-15
Toolkit component developed/used Iterative hybrid of MADE
Research aims met • Iterative MADE process was used to 
design and specify stakeholder specific 
action plans for the EA group.
• Identified measures for the EA group to 
show its added value to Xerox.
• Process has resulted in improved 
communications between EA and its 
stakeholders.
• The process was used to support an 
application resulting in an internal Xerox 
award for the EA group.
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Thesis Defence
Thesis Assumptions Testcase output which underpins thesis
It is possible to identijy, 
represent and engage the 
decision’s  stakeholders
• All members of the EA group were engaged in all stages 
of the process.
• EA’s stakeholders have been identified and two of these 
stakeholder groups (business and sales managers) 
represented and engaged in the process. EA aim to engage 
the remaining groups, e.g. customers in the future.
It is possible to identify 
the performance attributes 
driving the decision and 
measure stakeholder 
preferences between these.
• The project was able to define a strategy hierarchy 
(actions required fi'om EA to bring value from Xerox’s 
environmental performance). This structure was 
subsequently used to help guide and benchmark the EA 
group.
• The project has measured the preferences of a sub set of 
Xerox’ stakeholders and these preferences are being used 
by the EA group to shape future strategies.
Structuring and measuring 
stakeholder preferences 
can help decision makers 
manage decision 
uncertainty.
The overall aim defined through the interviews with EA 
members, stresses the importance of environmental 
performance as a competitive element of business success. 
Meeting stakeholder needs and preferences was also 
identified as a critical challenge for the EA group.
Preference gaps were identified between the EA group 
and its stakeholders. Knowledge of these helped to 
determine what was important to the EA group’s 
stakeholders and hence predict the consequences of future 
actions.
Measuring and analysing 
stakeholder preferences 
supports complex decision 
making and provides a 
process which can help 
achieve consensus.
• As a result of this project the EA group is designing 
stakeholder specific action plans to address the main 
preferences of its stakeholders. Since the action plans are 
based on measured preferences the group is more 
confident that the actions will be effective and therefore 
maximise the value of the EA group to its stakeholders.
• The analysis identified a large number of stakeholder 
preference sets. By analysing and clustering these, it was 
possible to define a discrete number of general trends. By 
focusing on the clusters, the EA group could define a 
manageable set of strategies to meet the expectations of 
each stakeholder set without compromising its 
performance with other stakeholders.
• By better meeting the needs of its stakeholders, the EA 
group are better able to create value for Xerox from the 
company’s environmental performance.
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4.8 T e st  Ca se  6: D ev e l o p  a  St a k e h o l d e r  D r iv e n  E n v ir o n m e n t a l  
St r a t e g y  F o r  T h e  U n iv e r sit y  O f Su r r e y
Test Case Dimensions
Test Case Dimensions Descriptors
Strategic Importance High
Uncertainty High
Conflict Potential High
Research Aims To apply and validate the SVA model with a disparate set of 
stakeholders with potentially significantly different 
preferences and hence show its value as a strategy design and 
dialogue facilitating tool.
Sponsor Centre for Environmental Strategy, University of Surrey.
Short Specification Develop a stakeholder driven environmental strategy for the 
University of Surrey.
Detailed Report See Part rV, Report 4/5.
Key Indicators
Indicator Measure
Company feedback N/A
Number of stakeholder interviews 42
Number of group sessions 1
Number of people participating in group sessions 4
Toolkit component developed/used MADE
Research aims met • Results will be used to help 
develop and specify the 
university’s environmental 
policy and strategy.
• Set out a basis for continued 
dialogue between university and 
its stakeholders.
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Thesis Defence
Thesis Assumptions Testcase output which underpins thesis
It is possible to identify, 
represent cmd engage the 
decision’s stakeholders
The project identified and engaged five categories of 
stakeholder; students, employees, regulators, financial 
and community. The last three groups were represented 
by a few key individuals, e.g. the regulator group was 
represented by senior officials from the main regulatory 
bodies. Whilst the first two groups were represented by a 
larger sample of people. For example, employees were 
represented by a cross section of personnel covering 
different areas of responsibility and function
There was enthusiastic support by both the owners of the 
strategy (i.e. Vice Chancellor and management 
committee) and stakeholders of the strategy (i.e. 
employees, regulators, local opinion formers, pressure 
groups etc.).
It is possible to identify the 
performance attributes 
driving the decision and 
measure stakeholder 
preferences between these.
• The performance attributes were identified through a 
pilot study and stakeholder preferences measured 
through individual or group interviews using the 
MADE’s pairwise comparison method.
Structuring and measuring 
stakeholder preferences ccm 
help decision makers 
manage decision 
uncertainty.
The preference trends identified by the analysis can be 
used by University decision makers to better understand 
the consequences of possible strategies. For example, the 
results indicate that the emphasis must be on improving 
quality of services and not ethical performance (ethical 
performance had a low stakeholder preference even 
amongst the University’s employees ). Similarly 
environmental initiatives which address local impacts 
will be better received and add more value than those 
addressing global impacts.
Measuring and analysing 
stakeholder preferences 
supports complex decision 
making and provides a  
process which ccm help 
achieve consensus.
The results indicate that no single strategy will satisfy all 
stakeholders. It is possible to use the results to define 
stakeholder (cluster) specific actions which add value to 
each stakeholder without compromising the value added 
to other stakeholders.
Analysis and clustering of the stakeholder preference 
data has identified strong themes and agreement between 
different stakeholders. The advantages of this approach 
are that not only does it identify areas of common 
ground but also areas where preferences differ. This 
information can help focus roundtable discussion and 
therefore result in more constructive dialogue resulting 
in improved relations, communication and University 
environmental performance.
21
Overarching Document Graham Earl
Thesis & Contribution to Knowledge ________ -   Engineering Doctorate
5. C o n t r ib u t io n s  to  K n o w l e d g e
Throughout this research the emphasis has been on innovation as opposed to scientific 
discovery. In terms of contributions to Environmental Technology, this has taken the 
form of developing business processes within an environmental context rather than 
environmental technology solutions
This research has been progressed through a fusion of academic research and empirical 
‘test cases’ in industry. These two streams of research have resulted in the development, 
testing and validation of a new and novel decision support methodology - Stakeholder 
Value Analysis (SVA). The practical application of this approach is supported through a 
toolkit of models which have been linked together to form the ‘SVA Toolkit’. The 
Toolkit’s models have either been directly developed through the research work (e.g. 
the MADE model) or researched and tested within a new role (Paras and Conjoint 
analysis models)^ .^
The SVA Toolkit has specifically been developed to address the challenges of 
environmental decision making: high levels of uncertainty, underlined and driven by 
potentially significant financial and environmental consequences and significant 
potential for stakeholder conflict. Decisions which share these characteristics have been 
identified by Funtowicz and Ravetz as ‘Post Normal Science’ decisions (1992, 1995). 
They also concluded that today’s decision techniques are not equipped to deal with such 
problems and that therefore there is a need for new approaches.
The SVA Toolkit has been developed to meet this challenge and identified need. This 
has been achieved through a continuous development process based on supporting real 
decision problems, whereby each ‘Test Case’ was specified to test specific decision 
situations with increasing complexity and potential for conflict. The development and 
demonstration of the SVA Toolkit’s ability to support decisions or help reach consensus 
in situations nearing ‘Post Normal Science’ is the research’s most significant original 
contribution to knowledge. This is underlined through a number of other more specific 
contributions to knowledge, as follows:
•  Demonstrating that it is possible to design and use a value tree^  ^ specified fi'om 
the opinions and views of a wide stakeholder audience, both internal and external 
to the decision owner^ .^
• Demonstrating that the stakeholder-wide value tree is a useful and practical tool 
to focus and guide decisions. The tree not only provides a practical focal point, it 
also helps to clarify difficult issues.
This can be likened to working on the ‘socio-technical system’ and decision-making boundaries of 
technology.
Part ni of this portfolio describes the standalone models making the toolkit and how the are interrelated. 
Parts IV and VII describe practical applications of the SVA Toolkit’s models.
The design and function of the ‘value tree’ is described in Part III. It is also defined in the glossary.
The legitimacy of stakeholder identification and representation is discussed in Part HI.
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• Actually eliciting, measuring and using stakeholder preferences to guide 
decisions - as opposed to just asking but not using stakeholder views.
• Creating a toolkit framework which links together decision support tools and is 
therefore flexible to different types of decision problem.
• Demonstrating that it is not necessary to convert non-frnancial performance 
attributes into financial values. If a link can be created between a performance 
attribute and a decision owner’s strategic objectives, as this research has done, 
then it is possible to drive decisions on the basis of a set of financial and non- 
financial performance attributes.
• Demonstrating that the process rather than the actual quantitative decision data is 
often the most valuable element, thereby showing the importance and value of 
stakeholder participation in all stages of a decision Evidence to this effect is also 
put forward by Edwards (1977), Wehrmeyer (1996) and the Environment Council
(1996).
• Demonstrating that even when the preferences of stakeholders differ significantly, 
this does not mean it is impossible to develop solutions which are acceptable; 
knowledge of these differences is just as important as knowledge of similarities.
• Introducing the concept of clustering to simplify, yet not dilute, the added value of 
using a wide audience of stakeholder views to drive a decision.
The originality and contribution to knowledge of this research is also demonstrated by 
its publication success. Part V collates the publications in the public domain resulting 
from this research. Five of these are published, or have been accepted and are pending 
publication by refereed media, one has been published in a non-refereed journal, whilst 
two are currently pending referee decisions. The research has also been widely 
disseminated through international conferences.
6. R ec o m m en d atio n s  FOR F u t u r e  R e se a r c h
This research has been widely tested with decisions which have fairly localised 
consequences. Policy decisions with wider national or international consequences have 
not been attempted. Given that stakeholders, their importance and relevance to decision 
making is beconung increasingly recognised in national policy decisions, it would seem 
to be an opportune time to introduce a decision framework which follows a Stakeholder 
Value Analysis approach to the policy arena. Research is therefore required to test and 
if necessary develop the SVA approach to meet the particular needs of wider (national 
and or international) policy type decisions. In the case of such decisions, the challenge 
of stakeholder identification and representation takes on even greater significance, and 
consequently further research is recommended to:
• Develop and test other methods of stakeholder identification and hence compare 
and contrast the different methods’ theoretical soundness, practicality and 
legitimacy.
• Test the relationship between the number of people involved and the legitimacy 
and value of the outputs from SVA.
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• Explore and more closely specify the domains where the SVA process is unlikely 
to work.
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1. In t r o d u c t io n
This document describes, discusses and critically appraises the most popular decision 
tools used today for strategy and investment decision support. In light of this appraisal 
this document concludes on the suitabilily and performance of these tools in terms of 
the challenges of environmental decision making set out within the Overarching 
Document.
2. C r itic a l  Su r v ey  OF D ec isio n  Su ppo r t  To o l s
2.1 F in a n c ia l  A n a ly s i s  T o o l s
Financial appraisal techniques, which centre on the calculation of financial profitability 
measures as the decision criteria, are probably the best known and most widely used 
tools to aid investment decision making. As the name implies, these techniques rely on 
calculation and comparison of financial flows. These calculations can take various 
forms of sophistication but can essentially be boiled down to two basic approaches:
1) Non discounted cash flow techniques, such as 
=> payback time calculations, and
2) Discounted cash flow techniques, such as
=> Net Present Value (NPV) calculations,
=> Internal Rate of Return (IRR) calculations.
Each is described briefly below.
2.1.1 Non Discounted Cash Flow Techniques
Non discounted cash flow techniques are based purely on cash flows and take no 
account of the timing of these flows. The simplest and probably the most widely known 
non discounted cash flow method is the Payback period calculation. As the name 
implies this involves calculating the time period needed to payback the initial 
investment. For example if:
Initial Outlay = $ 10,000, and
Net Annual Inflow = $ 2500/year, then
Payback period = 10,000/2500 = 4 years
Where,
Net annual inflow = Annual outflows - Annual inflows
The payback method is obviously very simple, but it can also be very deceptive since it 
takes no account of the timing of cash inflows.
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2.1.2 Discounted Cash Flow Methods
Discounted cash flow methods are based on the premise that the timing of cash flows is 
an important factor to decision makers. The effect of cash flow timing is modelled 
through the application of a discount rate. A positive discount rate implies that future 
cash flows are worth less than present values whilst a negative discount rate implies the 
opposite. NPV and IRR are both based on the premise of discounted cash flows and are 
briefly described below.
2,L2,1 Net Present Value (NPV)
The NPV calculation involves algebraically summing the present values of the cash 
outflows required to support an investment with the present value of the cash inflows 
resulting from operations of a project. The inflows and outflows are discounted to 
present value using an appropriate discount rate, which may be the firm’s cost of capital 
or another rate developed using capital asset pricing. The NPV is the difference in the 
present value of the inflows and outflows and is calculated through Eq. 1
where:
Ao = initial investment 
St = net cash flow in each period
k = discount rate = opportunity cost of capital
t = time period
n = use life of asset
If the NPV is positive, the project is expected to yield a positive rate of return (e.g. it is 
better to invest the capital in the investment than to lend it or borrow it); if it is zero, the 
yield is expected to exactly equal the opportunity cost of capital; if the NPV is negative, 
the yield is expected to be less than the opportunity cost of capital. If the discount rate 
(k) used represents a minimum acceptable return on assets, only those projects which 
have a positive or zero NPV meet the NPV criterion for acceptance.
2.1.2.2 Internal Rate o f Return (IRR)
By definition, the internal rate of return is the rate which exactly equates the present 
value of the expected cash inflows with the present value of the cash outflows. This is 
expressed through Eq. 2.
f=0 ( l  +  r )
Where r is the internal rate of return. Thus, at the internal rate of return, the NPV is 
zero. The investment decision is then driven by whether the IRR of the project is 
acceptable. Generally if the IRR equals or exceeds the required rate of project return, 
the project is acceptable.
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2.1.3 The Difference Between NPV and IRR
In most instances, the use of either the NPV or IRR methods will lead to the same 
ranking of projects. If there are differences in ranking, these will be caused by the basic 
differences in the underlying assumptions of the two methods and the characteristics of 
the projects. The NPV method assumes that the cash inflows will be reinvested at the 
required rate of return. The IRR method assumes that the cash inflows will be 
reinvested at the calculated internal rate of return (r). Since the required rate of return 
and internal rate of return (r) are not necessarily the same, different project rankings can 
occur from the two methods.
2.2 T o ta l  C o st  T e c h n iq u e s
Recognising the failings of traditional financial appraisal techniques, most notably their 
deficiency in dealing with intangibles, a number of ‘hybrid’ total cost methods have 
been developed to try and improve the analysis. The most notable examples of these 
have been developed by The Tellus Institute (1991), General Electric (1987), and 
George Beetle Company (1989).
At the fundamental level, there is very little to choose between these models, since they 
all share the same overriding principles - to try and expand the cost and benefit 
inventory so that it captures a greater proportion of a project’s revenues classified as 
intangible by the traditional techniques. This basically involves categorising costs and 
benefits into a number of levels, as follows:
Tier 0: Costs and revenues normally included in traditional financial analyses.
Tier 1: Hidden costs, such as monitoring, reporting and training costs.
Tier 2: Semi-tangible costs and revenues, for example liability costs and potential
remedial costs.
Tier 3: Less tangible costs and revenues, for example corporate image costs and
benefits.
The premise is that, by identifying and categorising a wider cost and revenue inventory, 
not only will the analyst become more acutely aware of a wider set of cost and revenue 
influences, but may also be helped to monetarise more of the less quantifiable elements. 
The identified and hopefully extended cost and revenue values are then analysed using 
the normal NPV or IRR techniques to aid decision making.
The advantages of these approaches are:
1. An enlarged cost and revenue inventory with some guidance on what to include.
2. The models are built on well-known techniques such as NPV and ERR.
3. Risk is addressed to a certain extent by applying risk factors to specific financial 
flows (for example potential liabilities) rather than using ‘gut feel’ hurdle hikes to 
the discount rate.
4. Some guidance is given on how to monetarise some of the less tangible costs and 
revenues.
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The basic TCA models are clearly an improvement on the traditional techniques and go 
some way towards meeting the challenges set through environmental decisions. 
However, Moilanen and Martin (1996) have identified a number of problems, in 
particular with the Tellus TCA model:
• There does not seem to be any indication of how to estimate the probabilities of 
some uncertain parameters.
• Conceptually, the techniques tend to focus on pollution prevention investments, 
although the technique as such is suitable for evaluating R&D and product design 
projects.
• The model does not include R&D costs, product design costs or additional marketing 
costs required when a process or technology is adopted.
• The model pays little attention to the investments effects on corporate image, 
insurance premiums and financing cost due to improved environmental performance.
2.2.1 The Paras Financial Model
The Paras financial model was developed under the umbrella of the Intelligent 
Manufacturing Programme, an international programme initiated by Japan’s Ministry of 
Trade and Industry (MITI). It was developed in direct response to a need identified by 
the program’s industrial partners for a decision tool to support the financial justification 
o f ‘clean technologies’.
Whilst the Paras methodology encompasses the basic principle of using an expanded 
cost and revenue inventory similar to Total Cost Assessment (TCA) methods, it aims to 
address the main failing of these methods (see section 2.2) and therefore differs firom 
these methods in the following fundamental ways:
• The investment is put into a strategic context rather than seen as an isolated decision.
• The interdependencies between company internal and external decision parameters 
are made explicit.
• The investment analysis is operationalised by providing suggested lines of thought 
through aide-memoires.
• The Expected Monetary Value (EMV) technique is built in to the model to support 
not only the definition of financial risk but also the expansion of cost and benefit 
categories.
The Paras model is detailed further in Part m  of the portfolio. More detailed review is 
provided by Earl^ (1996), whilst the full methodology has been published by the 
IChemE (Moilanen and Martin, 1996).
 ^ See Part V of the portfolio for a copy of this paper.
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2.3 C r it ic a l  A p pr a isa l  OF F in a n c ia l  T e c h n iq u e s
On the positive side, all the financial investment techniques are fairly simple to use and 
provide easily understandable decision rules which are strictly deterministic and 
produce a single decision figure for comparison of projects. The traditional financial 
techniques are widely used, and have a long history of use. Whilst the TCA and Paras 
approaches are still considered newcomers on the scene, the fimdamental decision 
criteria are still based around discounted cash flows which are readily understood by 
managers.
However, whilst the TCA and Paras methodologies aim to improve on the traditional 
financial tools, all the techniques to varying degrees still suffer from the fundamental 
need for the decision values to be monetarised in order to be formally included in the 
analysis.
More specifically the disadvantages of these techniques are:
Failure to satisfactorily include non-financial values: Only values which can be 
accounted for in monetary terms can be included.
Single objective: The techniques focus on maximising a single objective, typically rate 
of return, and do not account for or explicitly deal with other objectives driving the 
decision.
Fail to address uncertainty: There are no formal procedures to integrate stakeholder 
views or priorities into the decision process. Consequently it is difficult or impossible to 
predict the actual consequences resulting from an investment decisions. It is fair to say 
that although the Paras model does encourage the use of cross-disciplinary decision 
teams the focus is very much on internal decision makers and not external stakeholders.
Discount rate issues: Use of discounting can falsely discriminate against long term 
projects since even a small discount rate will significantly discount any values accruing 
later than 10 years.
2.4 C o st  B e n e fit  An a l y sis  a n d  E n v ir o n m e n t a l  E c o n o m ic s  A ppr o a c h e s
Cost Benefit Analysis (CBA) is a technique which aims to expand on the traditional 
financial techniques by also incorporating the social costs and benefits of the 
investment in the analysis. Hence, the aim of CBA is to identify and measure the losses 
and gains in economic welfare which are incurred by society with various projects. In 
calculating the benefits of constructing a new underground railway, for example, as 
well as the revenues from ticket sales, CBA would take into account the value of 
reductions in travelling time to users, congestion costs to motorists, etc. Similarly, in 
calculating the costs of a new airport, in addition to the costs of land acquisition, 
construction and subsequent operation, the loses in welfare resulting from aircraft noise 
and spoilage of areas of scenic beauty would be included.
At an operational level CBA seeks to compute the costs and benefits of a phenomenon 
or activity, either to arrive at an overall benefit/cost ratio (where this is greater than 1 
the course of action yields net benefit) or, more ambitiously, to arrive at an 'optimal' 
course of action. Optimality in this sense denotes a situation in which the marginal cost
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of a course of action is equal to the marginal benefit to be yielded by it. Ekins provides 
an example of this concept using global warming as an illustration (Ekins, 1997). Here 
the optimal level of greenhouse gas (GG) emissions is the level at which the cost 
incurred from permitting the emission of an extra unit of GGs (the marginal cost), is 
exactly equal to the marginal cost of abating it.
Barde and Pearce (1991) have attempted to more closely define the relationships, types 
of values and decision rules appropriate for CBA studies and suggest the following 
function, which if true indicates die project should go ahead:
Where:
(B d-C d-T E V -C c)> 0
Bd = Money value of benefits of development (saved travel time, for
example).
Cd = Money value of resource costs of development (labour, land,
machinery, etc.).
Cc = Costs of conservation.
TEV == Total Economic Value
= Value (use + indirect + option + existence)
Use value = Value arising from actual uses made of the conserved area, e.g. hill
walking, rambling, picnicking.
Indirect value -  Value arising from ecological functions that the conserved area 
might serve, e.g. drainage.
Option value = The value that we might put on the area for future use, even though 
we make no current use of it.
Existence value = Value of the area in its conserved state to people who do not make 
use of the area, and do not expect to make use of it, they simply want 
it to exist.
Since economic theory suggests that in today economic values future cash flows are 
worth less all the values in the function are discounted to a present value.
The need to convert what are in essence non-financial values to financial ones is clearly 
an important challenge faced by CBA. The problem occurs because no market place 
exists for many of the impacts which CBA wishes to consider coupled with the fact that 
CBA has chosen to use the financial metric as the common unit of measurement. In the 
words of Barde and Pearce (1991) “...all of this means that techniques are required to 
uncover values in non-market situations.”
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2.4.1 Valuation Techniques
2.4.L1 Contingent Valuation
The most widespread technique now in use is contingent valuation (CV). This attempts 
to get round the non-market problem by creating an artificial market. There are two 
basic approaches to CV. The first of these asks people how much they would be willing 
to pay (WTP), to say conserve the environment. The second approach asks people how 
much they would be willing to accept (WTA), for example to, compensate them for 
degradation of the environment. In theory, both approaches should elicit the same 
answer, however in practice this is rarely the case and this point is discussed later.
2.4.1.2 Hedonic Pricing (HP)
HP works by finding a relationship between a good and the value of the attributes of the 
good. Thus one might decompose the price of a house into the contribution of an 
attached garage, a swinuning pool, a sauna, a slate roof, etc. In practice HP is used in 
conjunction with either the property or labour markets. In the property market case, 
what is being sought is the influence of environmental quality changes on the prices of 
houses, those changes then being equated to the value of environmental quality. In the 
case of the labour market studies, these are normally used to tease out the extent to 
which ‘risky’ jobs attract wage premiums. The aim is to see how people value changes 
in the risk of injury or even death and so in the extreme estimate a financial ‘value of 
life’.
2.4.1.3 The Travel Cost (TC) Method
The TC method is most frequently used to estimate consumers’ surplus for recreational 
sites, by using travel cost as a proxy for price, and then deriving a relationship between 
visit rates and the cost of visiting.
2.4.1.4 Avoided Cost Approach
This technique is typically used in cases where the environment is an input to the 
production process for a marketed good. Examples are water quality and commercial 
fisheries (Kahn 1991); and air quality and agricultural outputs (Splash,1987). If a dose- 
response function can be defined, then the social benefits of a reduction in pollution 
levels are given by the resulting change in producers’ profits and or consumers’ utility.
2.4.2 Critical Appraisal
CBA has a fairly long and controversial history. Proponents such as Barde and Pearce, 
1991; Pearce, 1993; Pearce et al, 1989 argue that CBA can aid decision making, 
particularly by identifying those decisions which violate economic theory and are 
consequently deemed irrational. In one example. Barde and Pearce cite the example of 
the M3 motorway link to Southampton and the fact that the government chose to ignore 
the option to build a turmel to save an area of aesthetic beauty at an added cost of £92 
million on the basis that it was “... not worth it” (Barde and Pearce, 1991, pl.).
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The authors claim that any decision implies a monetary valuation and therefore, 
although they admit that CBA is not perfect, they claim that it could have helped elicit a 
value for the Tost aesthetic beauty’ and therefore more logically helped td determine 
whether the tunnel was a valid option or not. Indeed in their book Valuing the 
Environment Barde and Pearce (1991) present 6 case studies from around the world 
which claim to have aided the decision making process, the argument in favour of CBA 
being that th e ‘proof is in the pudding’.
Needless to say there are also a large number of opponents to the CBA methodology^. 
Indeed much of the criticism centres on the validity and acceptability of the 
fundamental philosophical and ethical underpinnings of environmental valuation in 
what has been termed a “dubious theology” (Brown, 1984), of neo-classical orthodoxy. 
On a more prosaic level, reviews of published valuation literature in particular policy 
areas reveal enormous discrepancies between different approaches and studies (Daly 
and Cobb, 1989; Page 1991; Jacobs 1991).
These discrepancies are not surprising given some of the methodological problems 
associated with the valuation techniques noted here. Some examples of these are briefly 
described below.
Contingent Valuation (CV): Hanley (1992) has identified three potential types of 
problem with CV: (1) biased responses (due to the nature of the information provided to 
respondents, the form of bid collection process, the hypothetical nature of the exercise, 
and the possibility of strategic behaviour on the part of respondents); 2) the aggregation 
technique; and 3) the choice of welfare measure WTP or WTA.
To illustrate these problems in practice there is widespread empirical research which 
links the weaknesses of CV to inconsistency in the data. Hanley and Munro (1991) for 
example, have shown that the CV responses are highly dependant on the degree and 
level of information used to describe the projects. Similarly the two approaches of WTP 
and WTA have been shown to produce different CV values. As Mishan points out 
(1988, pl82):
“...a WTP value can he, literally, an infinitesimal fraction o f a WTA value 
because the sum that an individual is willing to pay for something (or avoid 
something) is constrained by the limits o f  their budget, whereas that sum that 
someone might accept as compensation can be infinite”.
This means of course that certain projects maybe found acceptable using one measure 
and not when using the other. As Knetch surmises, this can mean that;
‘'Gains may be larger than the sum losers would be willing to avoid for the loss, 
but maybe insifftcient to match the amount that losers would require to change” 
(Knetch, 1990, p231).
 ^ The criticism offered by these opponents varies considerably in degree, but probably much more 
important the criticisms tend to stem from three quite distinct levels o f objection, namely; philosophical, 
theoretical, and pragmatic, all of which are discussed here
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Even where CV methods have been carefully designed and justified, and distributional 
issues are not considered problematic, CBA has been criticised on other grounds:
1. There is a difference between professing a willingness to pay and actually paying;
2. People may resent being asked to pay for certain environmental goods and this may 
influence their answers; and
3. They may seek to 'free ride' on others’ professed payments.
Such considerations cast further doubt on the appropriateness of comparing values 
derived from CV with actual market values, and caused Diamond and Hausman (1994, 
pp.46, 62) to conclude that CV:
a deeply flawed methodology for measuring non-use values" and that 
reliance on it ".An either damage assessment or in government decision-making is 
basically misguided. ”
In contrast, Portney (1994) and Hanemann (1994) believe that CV has a role to play in 
valuing environmental goods, providing that clear principles are followed in executing 
the technique and the results are assessed with cafe.
Hedonic Pricing is criticised for its limited applicability. It also suffers from 
identification problems, the assumption that housing markets are operating efficiently 
and the idea that current house prices reflect assumptions, about future (rather than 
current) environmental quality.
The Travel Cost method is similarly criticised for its limited applicability. Other 
problems faced by the approach are: the choice of dependant variable, treatment of 
respondents who visit more than one site on a day out, and also in determining visitors’ 
actual travel costs.
The Avoided Cost Approach is criticised for its tendency to underestimate associated 
welfare effects since such expenditures are almost certainly imperfect substitutes for 
environmental quality.
Discounting and the discount rate is another item of controversy associated with CBA 
as an environmental management tool. This is understandable since of course projects 
with long term benefits (wind farm), or with long-term costs (nuclear waste storage) are 
critically affected by the discount rate. Assuming a positive discount rate then the 
further into the future the benefits or costs the smaller their present value. The effect is 
of course to favour the utility of close generations to those of distant generations. The 
choice of discount rate is hence highly debatable and as Page comments:
“ After a lot o f time trying to discover an unassailable definition o f the social 
rate o f discount, economists are beginning to decide that a totally satisfactory 
definition does not exist. " (Page, 1977, p i55)
Furthermore, Bkins (1997, pi) concludes:
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‘These controversies over environmental valuation are not surprising given the 
common characteristics o f complex environmental problems, which make them 
most intractable for economic analysis and which include chronic uncertainty 
often verging on the indeterminate; irreversibility and profound social and 
cultural implications; actual or potential grave damage to human health, 
including threats to life; global scope; and a long-term intergenerational time- 
scale. ”
There is rarely any generally acceptable way of putting a money value on costs with 
these characteristics, especially when the characteristics are combined. According to a 
standard text on the subject, CBA has “a fundamental attraction of reducing a complex 
problem to something less complex and more manageable” (Pearce, 1993, p.21) But it 
can only fulfil this function if the basis of valuation commands a wide consensus. 
Where this is not the case, and the methodology of valuation itself becomes disputed 
ground, especially if the dispute centres on concerns with justice or morality, then the 
use of CBA is likely to inflame an issue rather than illuminate it. The attempted use of 
such a methodology in these circumstances would seem guaranteed to intensify 
controversy rather than resolve it.
2.5 D e c isio n  An a l y sis
Decision Analysis is the generic term used to describe what are sometimes known as 
multi criteria or multi attribute decision techniques. Being a comparatively new 
technique of formal analysis - less than 40 years old - the concepts and methods of 
decision analysis are still relatively unfamiliar to many decision makers, stakeholders 
and analysts. A technical definition of decision analysis is proposed by Keeney (1982) 
as:
“ a philosophy, articulated by a set o f logical axioms, and a methodology arui 
collection o f systematic procedures, based upon these axioms, for responsibly 
analysing the complexities inherent in decision problems. ”
However, Keeney’s intuitive definition is probably much more descriptive and 
informative. This defines decision analysis as:
“a formalisation o f common sense for decision problems which are too 
complex for informal use o f common sense.”
Decision analysis focuses on aspects fundamental to all decision problems, namely:
1. A perceived need to accomplish objectives.
2. Several alternatives, one of which must be selected.
3. The consequences associated with the alternatives are different.
4. Uncertainty usually about the consequences of each alternative.
5. The possible consequences are not equally valued.
As opposed to Cost Benefit Analysis which tends to rely almost exclusively on the 
theories and methods of economics, decision analysis draws extensively on the theories
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and methods of several disciplines, including statistical decision theory, psychology, 
systems engineering, systems science, operations research, management science and 
economics.
Different schools of decision analysis, however tend to rely more heavily on some 
disciplines than on others For example, historically the decision work of Raiffa (1968) 
and Keeney and Raiffa (1976) has tended to rely heavily on statistical decision theory; 
the work of Edwards (1977) and von Winterfeldt and Edwards (1986, 1987) on the other 
hand has tended to rely heavily on psychology; the work of Howard (1968a, 1968b), 
North (1968) and Merkhofer (1987, 1995) has tended to rely heavily on systems 
engineering; and the work of Saaty (1980) has arguably covered all these areas.
Indeed although different authors have used different terms to describe the various steps 
of or phases in a decision analysis (Keeney and Raiffa, 1976; Winterfeldt and Edwards, 
1986; Saaty, 1980) the logic and central framework are for the most part the same. What 
differs most significantly in any particular analysis are not the steps but the detail, the 
degree of quantification and the precision of the results. Hence it is possible to define a 
generic set of steps to describe the process of decision analyses as follows:
1. Identify and define the problem.
2. Identify the possible alternatives.
3. Identify, define and structure the underlying ‘performance attributes’  ^which drive the 
decision.
4. Measure performance versus the defined performance attributes.
5. Define the trade-offs between the performance attributes.
6. Evaluate and compare alternatives.
7. Decide.
Possibly the best way to illustrate these steps is through an everyday example - the 
problem of choosing a new car.
2.5.1 An Example of the Generic Decision Analysis Process 
Step 1: Identify and define the decision problem.
For this example the problem faced by the decision maker is to decide on which car to 
buy. The problem is made difficult because the decision maker can choose from many 
alternatives (different makes, models and specifications) whilst at the same time is 
subject to certain constraints (e.g. budget), desires and emotions. A sensible aim, which 
this decision process will try to support, is to choose a car which maximises the 
decision maker’s overall satisfaction.
See the glossary for a definition of this term.
11
Part I Graham Earl
Critical Appraisal of Decision Techniques____________________________ Engineering Doctorate
Step 2: Identify the possible alternatives
The alternatives facing the decision maker are potentially very large given that there are 
many manufacturers of cars each of which manufacture many different models to many 
different specifications. The aim of decision analysis however is not to support 
decisions which are obvious but those which are complex and uncertain. You therefore 
do not need decision analysis to limit the initial large set of options to a sensible set of 
potential choices. For example, if your maximum budget is £20,000, then clearly a 
Rolls Royce is not an option.
This example will consider 3 options (alternatives); Ford Mondeo, Vauxhall Cavalier 
and Audi A4.
Step 3: Identify, define and structure the underlying performance attributes which 
drive the decision
Once again there are many performance attributes which can determine the choice of a 
car. The aim however is to define those which are sensible in that they contribute 
towards achieving the aim of your decision. In this case the performance attributes 
could include cost, brand, top speed, and reliability.
Step 4: Measure performance versus the defined performance attributes
This step involves measuring the performance of the alternatives defined in step 2 
against the performance attributes defined in step 3. The word ‘measure’ is used rather 
loosely here. There are three classes of measurement: purely subjective, partly 
subjective, and purely objective. In this case cost and top speed can arguably be 
measured objectively, reliability partly subjectively and brand subjectively. In terms of 
decision analysis these differences are not important; the aim is to determine the 
relative performance of the options using the best possible measurement method.
The simplest and most frequently used method to achieve this uses linear ‘direct 
rating’"^, which involves awarding a score of 100 to the highest performance value 
identified and 0 to the lowest. A straight line drawn between these points then defines 
all intermediate scores.
For example, assuming the following top speeds; Audi = ISOmph, Ford =100 mph, and 
Vauxhall = 125 mph, respective performance scores using a simple linear 
transformation are; Audi = 100, Ford = 0, Vauxhall = 50.
Step 5: Define the trade offs between the performance attributes
Since it is mostly impossible to achieve the best level of performance with respect to all 
the performance attributes driving a decision problem - in other words have a 
dominating solution - it is necessary to define the trade-offs between the performance 
attributes defined in step 3. In other words, how much is the decision maker willing to 
give up on one performance attribute to gain a specified amount on another?
See Part n. Section 2.3.1
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Decision analysis research has developed a multitude of techniques to support the 
decision maker in eliciting and defining these trade-offs. These range from relatively 
simple ranking techniques - which as the name implies only define rankings of the 
performance attributes - to more complicated preference modelling techniques which 
aim to define relative preferences or weights.
In this example the decision maker may, using a ranking method, decide that cost is the 
most important performance attribute, reliability and brand joint second and top speed 
the least important. This choice could be further refined by defining weights^ for these 
performance attributes, for example these could be:
Cost
Reliability 
Brand 
Top speed
= 0.4
= 0.25
= 0.25
=  0.1
Step 6: Evaluate and compare alternatives
This step involves the aggregation and analysis of the performance and trade-off data 
defined in the two previous steps. The simplest aggregation rule is Simple Additive 
Weighting (SAW/, which involves the summing of the products of the scores and 
weightings for each performance attribute and repeating this for each decision option. 
In mathematical terms, this simple linear additive operation may be represented through 
Eq.3;
Ti =  X  Sic • W c Eq.3
where ri is the multi-attribute performance index score of option i under a set of 
performance attributes, Sjc is the performance score of option i under attribute c and Wc 
is the importance weighting of attribute c.
Table 1 below is a simple example.
Options Performance attribute scores and weights SAW
iii-i^ -lCOStiiiS:;.:
(0.4)
Top Speed Reliability
(0.25)
Brand
(0.25)
Index Rank
Audi A4 0 100 100 100 60 1
Ford Mondeo 50 0 50 0 32.5 3
Vauxhall Cavalier 100 50 0 50 57.5 2
Table 1 Simple Example of Decision Analysis Results
 ^Weights by definition must always sum to 1
 ^ Although other forms of aggregation are used such as multiplicative or combinations o f additive and 
multiplicative.
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Step 7: Decide
If a single option q is to be chosen, the rule as Fischoff er al (1981) point out is simple: 
maximise q. If a subset of i is to be chosen, then the subset for which Sj r, is maximum 
is best. So for this example the Audi A4 should be chosen.
However, the choice is not as stark and simple as this. It is clearly very important to 
analyse and consider some of the simplifying assumptions and limitations of the 
analysis before the final choice is made. In this case the difference between the Audi 
and Vauxhall is not very large. Indeed only a small perturbation of the data, for example 
raising the weight attached to cost, could reverse this ranking. So sensitivity analysis 
and iteration of the data is just as important an element of the decision process. 
Decision analysis is therefore an aid rather than an absolute prescription for action.
2.5.2 Limitations, Pitfalls, and Practical Difficulties
Covello (1987), Merkhofer (1987), and Winterfeldt and Edwards (1986) have identified 
a number of limitations, pitfalls and practical difficulties that could affect the value of 
decision analysis as a decision aid. These include:
• Assuming that all significant decision alternatives and consequences can be 
enumerated in advance.
• Assuming that the various consequences of concern can be made comparable to one 
another through utility analysis.
• Asking decision makers to make trade-off choices using vague, confusing or 
unrealistic information.
• Difficulties in controlling for the various types of error and judgmental biases, for 
example the tendency for experts to build safety margins into their judgements as 
described by Tversky and Kahneman (1974).
• Difficulties in handling disagreement between decision makers on trade-off 
information.
• Difficulties in obtaining access to decision makers in order to assess their 
preferences.
• Assuming that decision makers will be willing to reveal their trade-offs and 
preferences.
• Failing to recognise, or control for the possibility, that decision makers may 
intentionally or unintentionally misrepresent their knowledge and preferences to (a) 
impress the decision analyst or (b) influence the outcome of the study to their own 
advantage by overstating or understating strategic information.
• Failing to control for inconsistency in decision makers’ responses.
Several of these limitations are due less to inherent limitations but rather due to 
deficiencies in specific applications of the approach. For example, Winterfeldt and 
Edwards (1986) report that one of the most helpful aspects of the decision analysis 
process is its ability to define new alternatives or performance attributes; hence it is not 
necessary to define all options at the beginning of the analysis. Furthermore many of the
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pitfalls are simply practical in nature and researchers have devised ingenious solutions. 
For example, Saaty’s AHP methodology (1980) includes specific checks to monitor 
consistency of decisions.
Edwards on the other hand (1977) describes a number of public decision processes 
involving large groups of decision makers. Although in most cases these decision 
processes were not able to identify any one single solution, the general conclusion 
drawn was that:
“ ...  the extensive use o f group discussion, interspersed with ratings and re­
rating, considerably enhanced decision makers ’ awareness both o f their own 
values and the value conflicts between the group, and in the process did much 
to reduce these conflicts”.
In other words, Edwards places much more emphasis on the benefits accruing fi-om the 
process rather than the decision analysis results or data.
2.5.3 Strengths
Decision analysis has several major strengths, which support its overriding goal to make 
choices more explicit, rational and efficient, as follows:
1. To structure the decision process. Decision Analysis helps stakeholders of a 
decision to think systematically about the problem by providing a logical framework 
for defining alternatives, comparing their performance on important objectives, and 
considering different viewpoints.
2. To help decision stakeholders reflect upon, articulate, and apply value 
judgements concerning acceptable trade-offs, resulting in recommendations 
concerning alternatives (Stewart, 1992). Recommendations can be of several types: 
choosing the single best option, constructing a portfolio, screening out undesirable 
options, etc. The object is to help people understand the implications of their 
preference judgements and inspire confidence in the soundness of the decision 
without being unnecessarily difficult. For example, when alternatives have many 
attributes, psychological research has shown that decision makers are inconsistent in 
their subjective evaluation of the options. Generally the mind focuses on two or three 
attributes, ignoring the others, or flits inconsistently among the attributes (Fischoff et 
al, 1979). Decision analysis on the other hand using the additive value function, 
ensures that the ‘total index value’ of an alternative set is explicitly considered. Of 
course, when performing this function, it would be naive not to keep in mind that 
people do not usually know exactly what they want at the outset of a decision; hence 
the purpose of the function is not simply one of eliciting quantitative preferences. In 
reality, when confronting difficult and new problems, people usually start the 
decision process with general priorities or vague notions of trade-offs. Hence it is 
normal that people’s attitudes will evolve in response to new information, 
interactions with others, and viewing the problem from different perspectives. 
Appropriately applied, this function of decision analysis allows individuals to 
explore the implications of alternative value judgements and build a set of value 
judgements in which they may have confidence.
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3. To facilitate negotiation. This is achieved in two fundamental ways: 1) by 
quantifying and communicating the priorities held by different stakeholders, and 2 ) 
by moving the discussion away from alternatives and towards fundamental 
objectives and trade-offs among objectives. A focus on preferences facilitates 
negotiation because it encourages discussions that often result from each stakeholder 
anchoring on a preferred alternative (Raiffa, 1982). Consensus can of course not be 
guaranteed, but even when it is not achieved, decision analysis provides useful 
documentation of the disagreements.
4. To document how decisions are made. By detailing how each of the decision 
analysis steps have been applied, and by clearly stating the assumptions, judgements, 
preferences and trade-offs the decision makers can more effectively communicate 
the basis of their decision to other stakeholders.
5. Helps decision consistency. Since decision analysis follows a set methodology and 
steps which can be well documented, it can help promote consistency over time and 
between different decision makers.
2.6 O t h e r  D e c isio n  A id s
Apart from decision analysis or multi-attribute decision analysis described above, there 
are a number of other decision support tools which require discussion for completeness.
2.6.1 Life Cycle Assessment (LCA)
The LCA methodology is relatively well documented (Guinée et al 1993a; Guinée et al 
1993b; SETAC 1992) and will not be described in detail here suffice to say that there are 
four main stages. The four stages recommended in the SETAC code of practice (SETAC, 
1992) briefly are:
1. Goal definition and scoping: Involves defining the functional unit, goal and system 
boundaries for the study.
2. Inventory Analysis: Quantifying all energies, materials and emissions during the life 
cycle of the functional unit which cross the system boundary.
3. Impact Assessment: Consisting of the three stages of classification, characterisation and 
valuation. The aim of this stage is to quantify the contributions of the environmental 
inputs and outputs (defined in the inventory analysis) to a number of generally 
recognised environmental problems. The final stage (valuation) involves defining 
weighted priorities for each environmental effect and therefore allow multiplication and 
summing of all the burdens to form a single numerical indicator.
4. Improvement Assessment: Applying the results fi’om the LCA to improve the 
environmental performance of the functional unit studied.
Applications of LCA are numerous and diverse and cover both public and private sector 
applications. Typically public LCA studies are used to support the development of 
environmental legislation and regulation, development of criteria for environmental taxes, 
standards, or eco-label programmes, or to provide consumer information. In the private 
sector, LCAs have been used to support product development, product marketing and to 
enhance the credibility of company’s environmental policy. Indeed the use of LCA data in 
Corporate Environmental Reports (CER) has become an integral component of those
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reports considered best in class by reporting awarding committees such as ACC A  (1997) 
and Sustainability/UNEP (1996).
Although evidence seems to suggest that the use of LCA is growing, it is not certain that 
this growth is taking place evenly across all sectors and products and whether the LCA 
approach is being applied in its strictest sense - that is covering all four stages described 
above - and ultimately being used to influence decision making. Some of the reasons for 
this are detailed below.
2. 6J,1 Critical Appraisal
From a methodological viewpoint the LCA technique would seem to be intrinsically 
appealing. Indeed the strengths of the technique, which include its rigorousness and holistic 
viewpoint, are not often disputed. However, it is the practical aspects which are most often 
the cause of concern. Particularly from a business perceptive tiie LCA approach is often 
criticised not only for its laboriousness and cost (measured in time and money), but perhaps 
more importantly for its failure to consider ‘non environmental attributes’, such as financial 
costs, technical aspects and strategic objectives.
In terms of corporate decision making, environmental performance is rarely the single 
factor driving a decision. Often it is only one of many performance attributes all of which 
need to be balanced and related to one another. In this respect the author argues that the 
predominant use of LCA so far has been as a measurement tool but not strictly speaking as 
a decision making tool. This finding can possibly also be traced to the fact that stakeholder 
preferences and indeed even stakeholder involvement in LCA studies are both still very 
rare.
Indeed one specific problem which has been identified by Miettinen and Hâmàlàinen
(1997) is the definition of generalised weights. According to Lindeijer (1995), a generalised 
weighting set is an array of pre-calculated weighting factors for LCA impact scores, revised 
from time to time. The main problem with this definition is that such weights do not 
depend on the actual context of the decision. Miettinen and Hâmàlàinen (1997) argue that 
the word ‘valuation’ is used to describe the modelling of ‘preference data’ i.e. the values of 
the decision makers and stakeholders in one particular decision context. Hence, according 
to this definition, the use of general weights can not be called valuation, since neither the 
decision context nor decision makers’ preferences affect the pre-set weights. Valuation can 
therefore only be problem specific and is best carried out or at least reviewed on a case-by- 
case basis.
Given that LCA can be viewed as a way of compiling system data, its role, which is more 
focused on performance measurement, is fimdamentally different to the tools discussed in 
Section 2. Therefore it should really be viewed as a measurement rather than decision 
support tool. For example, LCA could be used to provide input to a CBA or a multi-criteria 
decision analysis, but not to identify a decision option.
2.6.2 Goal Programming Techniques
Decision analysis problems are commonly categorised into continuous or discrete 
problems. A continuous problem is one in which the solution space is continuous and 
defined by constraints. That is, there are an infinite number of feasible solutions as
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found in linear programming. In a discrete problem we are faced with a choice between 
a number of discrete alternatives.
Goal programming (GP), which is an extension of linear programming and was first 
introduced by Chames and Cooper (1961), enables decision makers to solve continuous 
problems involving multiple criteria. GP therefore involves trade-offs amongst goals. 
An optimal GP solution minimises the impact of these trade-offs. It attempts to 
minimise the collective over- or under-achievement of all goals. Under or over­
achievement of a goal can be measured as a deviation fi’om the desired objective. Thus 
GP attempts to minimise the amount of deviation from all the stated goals. It is possible 
that a solution that minimises these deviations does not actually meet any of the stated 
multiple objectives. That is why the concept of satisficing, or reaching a satisfactory 
level of goal attainment lies at the heart of the technique.
The types of decision problem facing this research are discrete. The aim is to choose 
one or more alternatives to maximise the value from the decision. GP methods are more 
suitable to process optimisation problems and hence GP techniques are not immediately 
relevant or appropriate for further analysis.
2.6.3 Marketing Approaches
Marketing is a discipline with a long tradition of aiming to measure less tangible values, 
for example the value of products brand. One particular challenge faced by marketers is 
justifying new product designs or features. The costs of development are clear, but what 
are the benefits? And if the price of the product increases will consumers continue to 
buy it - do they value the improvement more than the cost increase?
One technique which has found popular appeal in tackling such problems is Conjoint 
Analysis^. Conjoint Analysis relies on the ability of respondents to make judgements 
about stimuli. Essentially, it works by asking respondents to rank, in order of 
preference, a carefully designed set of product specifications. Implicit in this rank order 
are the respondent’s trade-offs between the features describing the products under test.
The strength of Conjoint Analysis is that the questions asked of the respondent are 
relatively simple - can you rank order these product specifications? The major weakness 
of the technique is that it can only really be applied to test a few (4-5) product attributes 
because the number of ranking decisions quickly spirals with the number of attributes 
and soon becomes impractical. Techniques are available to factor down the absolute 
number of ranking decisions, but even taking these into consideration it is impractical 
to try a Conjoint Analysis with more than 6-7 attributes.
The technique is also quite abstract and therefore it is difficult to envisage using 
Conjoint Analysis as a decision tool. Its strengths are in the realm where it has mostly 
been used - measuring consumer trade-offs between consumer product attributes. In this 
respect therefore it is suitable to the problem of measuring the added value or 
importance to consumers o f ‘green products’.
 ^Conjoint analysis is described in depth in Part III, whilst Test Case 4/2 in Part IV describes a practical 
application of this method.
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2.6.4 Other Techniques
Other potential decision tools include:
• Outranking methods, for example ELECTRE (Roy, 1971);
• Fuzzy set tools, see for example Zimmermann (1983 ); and
• Multi-dimensional scaling, see for example Rivett (1977).
These tools are outlined in Stewart’s (1992) critical appraisal and survey of multi-
criteria decision tools. In terms of the applicability of these tools to multi-stakeholder
decision making the conclusions which can be drawn from this review are:
• Outranking is a relatively fuzzily defined notion, complex and difficult to 
understand.
• Whilst fuzzy set theory may attempt to define more ‘natural’ decision models this 
results in greater scope for misunderstanding between analysts and decision makers.
• Multi-dimensional scaling^ is inappropriate for decisions with more than a few 
performance attributes.
Therefore:
• All of these tools are inappropriate for decisions which need to be defended to a 
wider stakeholder audience due to either;
Undue complexity; 
Opaqueness; and or 
Time requirements.
These tools are consequently not investigated in any further detail.
3. C o n c l u sio n s
Based on the preceding critical appraisal of decision tools Table 2 details in summary 
format the ability of these tools to deal with:
• The challenges set through environmental decision making outlined in the 
Overarching Document; and
• Practical and operational considerations.
Conjoint analysis is a form of multi dimensional scaling.
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Decision
Tools
Traditional
Financial
(e.g.NPV)
Total Cost 
e.g. Paras
CBA Decision
Analysis
Conjoint
Performance Versus Challenges
Multiple
Objectives No Partially No Yes Partially
Stakeholder
dependant
trade-offs
No No No Yes Yes
Intangibles
No Partially Partially Yes Yes
Long term 
horizons No Partially Partially Yes N/A .
Deals with 
uncertainty No Partially Partially Yes Yes
Practical Considerations
Simple and 
easy to 
understand
Yes Yes No Yes Partially
Transparent - 
shows logic & 
detail
Yes Yes No Yes No
Flexibility in 
its approach No Yes Partially Yes No
Suggests
decision
solutions
Yes Yes Yes Yes No
Table 2 Critical Appraisal of Decision Tools: A Review
Reference to Table 2 indicates that decision analysis would seem to be the most suitable 
decision support tool to deal with the various challenges set by decisions involving 
environmental performance and multiple stakeholders. Before concluding on decision 
analysis as the most suitable tool it is probably worthwhile revisiting what is perhaps 
the fundamental difference between decision analysis and the other decision tools 
(except conjoint analysis) referenced in Table 2 - the idea that efficient decisions can be 
made without the need to monetarise the decision values.
From the viewpoint of decision models based on financial values, explicit 
monétarisation has the following strong points:
• It is based upon the well developed theory of economics; both welfare economics 
and micro-economic theory of the firm (see Lipsey, 1987);
 ^The table excludes LCA (Section 2.6.1), goal programming (Section 2.6.2) and other techniques (Section 
2.6.4) for clarity since the review has clearly identified that these tools are not suitable.
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It purports to measure values for the entire public (or a random sample of that 
public), rather than a subset of perhaps unrepresentative stakeholders; and
• Its results can, in theory, be validated by repeating the study or by using several 
methods.
There are however some fundamental disadvantages;
• Many of the basic assumptions of welfare economics are not universally accepted;
• There are flaws in many of the measurement techniques (for example CV); and
• Fundamental value judgements can become buried in calculations and removed from 
reality.
Compared to monétarisation, decision analysis has a number of strengths:
• Learning and understanding by users is emphasised;
• Trade-offs among fundamental concerns are more explicit;
• Dominated alternatives (those that are no better than some other alternative in at 
least one performance attribute) are easily ruled out; and
• The decision is broken into manageable sub-components and assumption 
documented.
Before a final decision is made on the most appropriate decision technique it is 
important to realise that this decision is very much context driven. Therefore although 
Table 2 may indicate that decision analysis is the dominating decision support tool to 
meet the challenges of environmental decision making, there may be situations were 
this is not the case. For example, when an investment decision is critically dependant on 
a certain minimum level of financial return. Therefore at this stage of the analysis the 
sensible conclusion is that neither monétarisation techniques nor decision analysis 
(which is not subject to the constraints of monétarisation) is unambiguously superior to 
the other. Indeed both approaches have complementary strengths and therefore the best 
approach in practice will most often be a combination of these decision tool methods, 
where the most appropriate decision tool mix will be a function of the context and 
objectives of the decision.
The strength of the decision analysis technique is its inherent flexibility and ability to 
interact with other decision tools. In this sense therefore a ‘Toolkit’ approach which 
utilises the decision analysis environment to both complement and create links between 
itself and other decision support tools such as the Paras financial model and other more 
specialised performance (for example LCA) and preference measurement (for example 
Conjoint Analysis) tools would seem to offer real benefits and meet the objectives of 
this research. CBA has deliberately been withheld from the possible list of Toolkit 
components not only because of its contentious and ‘dubious theology’ but also due to 
its many practical limitations.
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1. A n  O v er v iew  a n d  Su r v ey  o f  D ec isio n  A nalysis T e c h n iq u e s
The realm of multi-criteria decision making models has received a great deal of 
attention since its first tentative beginnings. Indeed Keeney has traced the beginnings of 
decision analysis to Ramsey (1931) who he feels was the first to suggest a theory of 
decision making based on the idea of “entwined concepts of subjective probability and 
utility” (Keeney, 1982, pp. 827). Since that period many authors and researchers have 
worked on general and specific areas of the technique resulting in a wide array of 
individual approaches.
However, it is fair to say that of all possible methods two basic approaches have tended 
to dominate the literature and practical applications. These two approaches, which are 
often viewed as competing are Muti-Attribute Value (or Utility) theory and the Analytic 
Hierarchy Process (AHP). The later was developed by Saaty (1980) and the former by 
Keeney and Raiffa (1976). There are also many other proponents of multi attribute 
value models, for example Winterfeldt and Edwards (1986) who have developed a 
Simple Multi Attribute Rating Technique or SMART.
The aim of this document is to compare and contrast these two basic decision support 
approaches from both a theoretical and practical standpoint. This will be done by 
breaking down the techniques into their constituent parts and comparing and contrasting 
the strengths and weaknesses of the methods. The ultimate aim is to recommend a 
suitable methodology to meet the aims of this research - that is provide a decision 
support tool which meets the challenges set out in the Overarching Document and Part I 
of the portfolio.
2. T h e  BASIC STEFS OF DECISION ANALYSIS.
Section 2.5 of Part I details the seven basic steps of decision analysis as follows:
1. Identify and define the problem.
2. Identify the possible alternatives.
3. Identify, define and structure the underlying performance attributes which drive the 
decision.
4. Measure performance versus the defined performance attributes.
5. Define the trade offs between the performance attributes.
6 . Evaluate and compare alternatives.
7. Decide.
Of these seven stages the decision models are only really distinguishable in terms of the 
methodological support they provide to decision makers in stages 3-6. To help 
distinguish the basic approaches the following sections vrill describe how the various 
approaches support the decision makers in each of these four stages. Since 
measurement and management of consistency is also an important function of decision 
tools this factor is also included in this review.
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2.1 Id e n t if y , d efin e  a n d  st r u c t u r e  th e  u n d e r l y in g  per fo r m a n c e
ATTRIBUTES WHICH DRIVE TllE d e c is io n
The underlying output from this stage is the design and specification of a framework to 
guide the decision. In end effect there is no real difference between different 
approaches to this stage apart from differences in vocabulary. Saaty’s (1980) AHP 
methodology tends to refer to the structures as a hierarchy and proponents of the multi 
attribute value (MAV) technique tend to refer to the final structure as a value tree. The 
difference is purely semantic and both refer to a structure which can be used to guide 
the decision, although there is some differences in presentation as illustrated in Figure 1 
and 2  below.
Decision
Aim
Performance
Attributes
Decision
Alternatives
A B C
Choose a car
\
Reliability Brand Top Speed
/ i \  / i \
A B C  A B C A B C
Figure 1 Value tree for buying a car
Decision
Aim
Performance Price 
Attributes
Decision 
Alternatives
Choose a car
/ \
Reliability Brand Top Speed
Figure 2 AHP hierarchy for buying a car
2.2 D e fine  t h e  t r a d e  o ffs  b e t w e e n  t h e  p e r fo r m a n c e  a t t r ib u t e s^
This stage of a decision analysis involves eliciting the relative importance or weights 
decision makers (or stakeholders) place on the performance attributes identified to drive 
the decision. A number of competing techniques have arrived from the two basic camps
 ^ The order in which the weighting (trade-ofib and performance appraisal methodologies are reviewed in 
the following sections is reversed to that shown in the list on page 1. This has been done to aid clarity, 
since in terms of the AHP method it is helpfiil to first present some of the basic steps involved in the 
technique’s weighting methodology. In practical terms the order these decision analysis steps are 
performed is interchangeable.
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of AHP and MAV techniques. These are listed in Table 1 and briefly described in the 
following sections.
Technique Name Acronym Reference
Analytic Hierarchy Process AHP Saaty, 1980
Simple Multi Attribute Rating 
Technique
SMART Winterfeldt and Edwards, 1986
Direct Weighting N/A N/A
SWING N/A Winterfeldt and Edwards, 1986
TRADEOFF N/A Keeney and Raiffa, 1976
Table 1 Weighting Techniques
2.2.1 Analytic Hierarchy Process (AHP)
In AHP the relative weights of performance attributes are assessed by the construction 
of a pairwise comparison matrix, where the pairwise comparisons are made using a 
semantic and associated 1-9 ratio scale. This scale is illustrated in Table 2.
Numerical Values Definition
1
3
5
7
9
2,4,6 , 8
Equally important or preferred 
Slightly more important or preferred 
Strongly more important or preferred 
Very strongly more important or preferred 
Extremely more important or preferred 
Intermediate values to reflect compromise
Table 2 Saaty’s Scale for Pairwise Comparisons
Assuming N performance attributes, this approach gives a matrix (A) of N x N possible 
pairwise comparisons (aÿ). However, since one diagonal must by definition be the 
reciprocal of die other, that is a  ^= l/aji, and the leading diagonal comparisons must be 
unity (aij = 1 , where i=j), the total number of pairwise comparison actually required to 
create a matrix of pairwise comparisons is;
N x { N - \ )
n — E q .l
where n = Total number of pairwise decisions (aij)
The eigenvector^ of this matrix is then equal to the performance attribute weights vector 
(w). The equation for calculating a matrix’s eigenvector is:
Eigenvector = lim  AVe^A^e =  w Eq2
 ^ Other methods, such as logarithmic least squares, can be used to derive the weights from the pairwise 
comparison matrix. This aspect will be discussed further later in the text.
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Where: k -> infinity 
A = Matrix 
e = (l , l  ,1)
On a more practical and understandable level the best way to interpret the eigenvector 
is as an averaging of all possible ways of thinking about a given set of alternatives. 
Appendix n.I provides more in depth description of the eigenvector calculation together 
with an example.
2.2.2 Direct Weighting
Direct weighting is the simplest method for setting performance attribute weights. The 
most common way is to ask decision makers to assign 1 0 0  points amongst the 
performance attributes to reflect their relative preferences.
2.2.3 SMART
With the Simple Multi Attribute Rating Technique (SMART) the weights are elicited in 
two steps (Edwards, 1977; Winterfeldt and Edwards,1986).
Step 1: Rank the importance of the performance attributes based on their possible 
ranges of performance, i.e. changing from the worst possible value to the best 
possible value. For example, you may have the following performance 
attributes and performance data:
Performance
Attribute
Worst value Best value
Price £30000 £ 1 2 0 0 0
Speed 80 mph 1 2 0  mph
Fuel Consumption 1 0  mpg 50 mpg
Step 2:
The decision maker must decide which range is the most important to them, or 
in other words which one would they least like to go from the best to the worst 
value.
Make ratio estimates of the importance of each performance attribute relative 
to the one ranked lowest. This step would usually involve assigning 10 points 
to the lowest ranked performance attribute. The relative importance of the 
other performance attributes are evaluated by giving them points from 1 0  
upwards. Normalising these scores provides the final weights.
2.2.4 SWING
In SWING^ (Winterfeldt and Edwards, 1986) the decision maker is asked to consider a 
situation where he or she is stuck with a hypothetical alternative that has all its 
performance attributes stuck at their worst levels. Referring back to the example above 
this would mean:
SWING is the name of the technique and is not an acronym.
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Performance Attribute Worst Level
Price £30,000 .
Speed 80 mph
Fuel consumption 1 0  mpg
To start with the decision maker is asked to assign a score of 100 to the performance 
attribute which he or she would most like to move from the worst to the best level. The 
next step is to choose the next performance attribute he or she would most like to 
change from its worst to best level and assign a score of less than 1 0 0  to that change. 
This procedure is then continued with all the remaining performance attributes. Once 
again the weights are calculated by normalising the final scores across the performance 
attributes.
2.2.5 TRADEOFF
In the TRADEOFF^ procedure (Keeney and Raiffa, 1976) the decision maker compares 
two hypothetical alternatives that differ on two performance attributes only. All other 
performance attributes are fixed at predetermined levels.
For example, let x and y  denote these two alternatives and let the indexes 1 and 2 refer 
to the performance attributes. The decision maker is first of all asked to consider two 
hypothetical alternatives with the attribute pairs (xj, X2 ) and (yi, y 2) and to adjust one of 
the attributes until the alternatives become equally preferred. Referring back to our 
earlier example the decision maker might be faced with the following alternatives;
X Price = £30,000 and Speed = 120
y  Price = £12,000 and Speed = 80
Assuming the decision maker prefers x to y, then the indifference question will be 
“How much do you have to raise the speed on alternative y  to make you indifferent 
between the two alternatives?” .^
This indifference statement gives an equation;
W iV j(X i)  +  W2V2W  =  ^ F l ( y i )  +  ^ 2 ^ 2 (y 2 )
Where wi and W2  are the unknown attribute weights. The n-1 indifference statements, 
known values v,(.), and the normalisation condition, E = 1 , yield « equations that are 
solvable for n weights. It is noteworthy that the calculation of TRADEOFF weights 
requires that the component values v,(.) are known for the whole attribute range.
2.2.6 Other Developments
The above approaches are the best known and most popular weighting techniques. 
There are of course numerous developments and modifications of these basic
tradeo ff  is the name of the technique and not an acronym 
 ^ This type of question is identical to the indifference questions raised in Sir John Hicks’ indifference 
theory which is used in economic analysis to measure peoples utility for goods and services (Hicks, 1946)
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techniques by numerous authors. For example SMART, has been repackaged as 
SMARTER (Edwards and Barron, 1994) and the AHP techniques has been modified to 
allow users to choose their own ratio scales in HIPRE 3+ (Hâmàlàinen and Lauri, 
1994). All of these changes are essentially presentational and the basic techniques 
underlying them remain unchanged.
2.3 M e a su r e  pe r fo r m a n c e  v e r su s  t h e  defbved  pe r fo r m a n c e  a t t r ib u t e s
Similar to the weights’ elicitation methodologies described above, decision analysis 
provides a number of different procedures for setting scales by which to measure the 
performance of the decision alternatives. The underlying premise of the methodologies 
is to help the decision makers transform their preferences for the various alternatives to 
a shared scale by which all alternatives can be compared. In end effect any such model 
is therefore just a technique for measuring value or utilities and is based simply on a set 
of prerequisites and rules. These prerequisites may be as complicated as a measurement 
axiom system or as simple as a set of instructions about how to construct a rating scale. 
Given this scale of complexity it is no surprise that a large number of competing 
methodologies have emerged. However it is fair to say that underlying all of these 
approaches are three basic methodologies which are described in the following sections.
2.3.1 Direct Rating Approach
These are the simplest and most commonly used measurement methodologies. In 
essence the technique hinges on defining a measurement scale for each performance 
attribute against which it is possible to compare all of the alternatives. The choice of the 
scale is therefore dependent on two factors:
1. The performance attributes being measured against.
2. The alternatives being considered.
Taking an example to illustrate the technique, we may be required to define a 
measurement scale for odour attractiveness of, say, different perfiimes. Since odour is 
highly subjective it is not possible to choose a natural scale and therefore a scale needs 
to be developed. This normally starts by defining maximum and minimum quantities, 
and a few intermediate points. This could result in the following data points:
Value Odour attractiveness Assigned score
Best value Extremely pleasant 1 0 0
Worst value Extremely unpleasant 0
Average value Neutral 50
If a linear relationship is assumed then it is possible to rate various alternatives 
(perfumes) on the basis of these data points. So for example, if the decision maker feels 
Perfiime ‘A’ lies midway between ‘extremely pleasant’ and ‘neutral’, assuming 
linearity this corresponds to a score of 75.
Of course there is no reason why the relationship should be linear. The transformation 
(often referred to as a value fimction) could just as easily be as shown in Figure 3. In 
this case the decision maker may choose simply to set the upper and lower limits and
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draw in a curve. The choice of transformation to use (linear or non linear) is dependent 
on many factors, for example, the accuracy required, the availability of data or if a 
physical relationship exists.
100 
90 
80 
70 
60 
8 50
^  40
30
£
extremely
pleasant
neutral extremely
unpleasant
Figure 3 Non Linear Value Function
Referring to Figure 3, the reason for such a curve may be that experiments show that 
people’s perception of odour attractiveness falls of very steeply when changing from an 
‘pleasant’ (for example a rose) to a neutral odour and much less steeply when moving 
from a neutral to an unpleasant odour (say sewage). For cases when the transformation 
is either not readily obvious and or accuracy is critical, more sophisticated techniques 
exist and these are described below.
2.3.2 Indifference Approaches
Indifference approaches are based on the premise that decision makers can make 
choices between pairs of stimuli. For example, a respondent may be asked to select an 
amount of money such that he or she would just be indifferent between receiving that 
amount of money as a gift and receiving a lottery with a 50% chance of winning £100 
and 50% chance of winning nothing. Alternatively, a respondent may be asked to 
compare a gift of £50 with a gamble with unspecified probability of winning £100 or 
nothing. By varying the probability of winning, the analysts can change the 
attractiveness of the gamble and find the probability at which the respondent would be 
indifferent between the gamble and the certain gift. These are the two basic indifference 
techniques used to elicit respondent utility functions. They are called the variable 
certainty equivalent method and the variable probability method.
Note that the word utility is used here instead of value. Conventional wisdom says that 
elicitation methods based on gambles lead to utility functions rather than value 
functions and that utility rather than value functions are needed to describe behaviour 
with respect to risky options. The distinction between the two seems however to be 
spurious and Winterfeldt and Edwards (1986) argue that the two are in fact identical.
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Both the certainty equivalent and variable probability approach are extensively used by 
practitioners. The basic difference between the two lies predominately in the approach 
to questioning and therefore the choice of method is very much dependent on the 
particular preferences of the analyst. In order to give a flavour of the techniques but not 
become repetitive an example of the certainty equivalent approach is presented below 
(Winterfeldt and Edwards 1986, provide detailed examples of both methods).
2.3.2,1 Certainty Equivalent Method fo r  Defining a Utility Function
Let us assume that an individual stated that they were indifferent between the 
alternatives A and B in the following table.
Scenario Alternative A
Probability Outcome
Alternative B
Outcome
1 0.5 £30 million 
0.5 £0 million
A certain £4 million
2 0.8 £30 million 
0.2 £0  Million
A certain £10 million
3 0.7 £30 million 
0.3 £ -2 million
A certain £4 million
Given that the respondent has stated they are indifferent between the two alternatives, 
the following mathematical statements can be made:
0.5U(£30 million)+0.5U(£0) = U (£4 million)
0.8U(£30 million)+0.2U(£0) = U (£10 million)
0.7U(£30 million) +Q.3U(£-2 million) = U (£4 million)
Since the utility scale is only unique up to a linear transformation two values on the 
scale can be arbitrarily chosen. Thus let:
U(£30 million) = 100, and 
U(£0) = 0
Then simple algebraic manipulation and substitution leads to the following:
U((£4 million) = 50 
U ($10 million) = 70 
U(£-2 million) = - 6 6  . 6 6 6
This information gives us 5 points which can be used to plot a utility function as shown 
in Figure 4.
Part n
Decision Analysis Techniques
Graham Earl
Engineering Doctorate
100 -1
80 -
60 1
40 -
20 -
=3
-10 40-20
-80 J
£  Million
Figure 4 Example of a Utility Plot 
2.3.3 Analytic Hierarchy Process
Saaty’s (1980) AH? methodology is distinguished from other multi attribute methods in 
that it does not use value or utility measures to score the performance of alternatives. 
Instead it relies on the pairwise comparison technique (see section 2.2.1, p3 ).
In this case, rather than asking the decision maker to state their preference for each 
alternative against each performance attribute, the decision maker is asked to state their 
relative preferences between pairs of alternatives for each performance attribute on the 
lowest level of the decision hierarchy. The simplest way to illustrate this point is 
through an example.
Lets assume we wish to choose between three alternatives (An) and that we have already 
determined our performance attributes (pa,) and their relative weights (wj. Using 
Saaty’s pairwise methodology and semantic scale of preferences (see Table 2 ) we can 
calculate (using the eigenvector function, see Eq. 2) the relative performance priorities^ 
(Pi) of alternatives A1.3 on performance attribute pai, for example:
Performance 
Priority (pi)
Performance 
Attribute pai
Ai
Pairwise Comparisons
A2 A3
Ai 1 1/9 1
A2 9 1 9
A3 1 1/9 1
P2 =  9/11
P3= 1/11
This procedure is then repeated for all the other performance attributes (pa,) until a 
matrix of performance priority vectors for all performance attributes has been 
estimated.
 ^ A performance priority is analogous to a performance score (calculated using direct rating) or utility 
(using indifference methods). AH these measures are effectively transformations to a common unit of 
measurement.
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2.4 Ev a l u a t e  AND COMPARE ALTERNATIVES
In layman’s terms this evaluation step involves combining the value judgements on 
weights with the value judgements on the alternatives’ performance. By far the most 
frequently used model for achieving this ‘combination’ is the Simple Additive 
Weighted (SAW) function (see Eq. 3, Part I).
The underlying assumption of the SAW method is that the attributes are preferentially 
independent. Less formally, this means that the contribution of an individual attribute to 
the total (multi attribute) score is independent of the other attribute values. Therefore 
decision makers’ preferences regarding the value of one attribute are not influenced in 
any way by the values of other attributes.
Fortunately studies (e.g. Edwards,1977) show that:
the presence o f even modest amounts o f measurement error, quite substantial 
amounts o f deviation from value independence will make little difference to the 
ultimate number (multi attribute score), and even less to rank ordering. ”
Stewart (1992) similarly concludes that:
‘V/z/5 form o f additive model is well justified theoretically and is easily 
understood, in that the connections between inputs provided by the decision 
makers and the output are not hidden behind a screen o f complex mathematical 
manipulation. ”
Other non-linear, multiplicative or multi-linear utility functions are proposed in the 
literature (Keeney and Raiffa,1976). However they are seldom used in practical 
applications, firstly due to computational problems, and secondly due to the lengthy 
assessment procedure (Winterfeldt and Edwards, 1986).
Looking at the various practical application in the literature, the SAW methodology 
dominates presumably due to the reasons outlined above. Indeed even though the AHP 
method (Saaty, 1980) is not generally presented as such, in most applications the 
underlying model of the decision makers’ preference structure is the SAW function. 
Saaty seems to resist this interpretation, but it is one which has frequently emerged 
(Kamanetzky, 1982; Belton and Gear, 1982).
In terms of practical application (as opposed to theoretical discussion) there seems to be 
little choice in methodology, with the SAW approach dominating, due to its simplicity, 
robustness and practically.
2.5 C o n sist e n c y  M e a su r e m e n t
The AHP methodology which calculates the eigenvector of pairwise comparisons to 
estimate the weights for the performance attributes and relative alternative performance 
is the only known technique which formally assesses and enumerates the decision 
maker’s consistency. The other techniques, e.g. SMART, SWING and TRADEOFF can 
identify inconsistency but this is much less formal and is not enumerated in any way.
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In this context-consistency is defined as an indicator of how closely the decision maker 
has followed the rules of perfect transitivity. For example, in a series of pairwise 
comparisons, if A is twice as important as B and B is equally important as C, then 
perfect consistency would imply A is twice as important as C. The measure used by 
Saaty to enumerate this consistency is the Consistency Ratio (CR).
As described in Appendix H I, this consistency ratio provides a measure of the 
probability that the matrix was filled in purely at random; that is the CR is a comparison 
of the decision maker’s matrix with one which has been filed in purely at random. The 
methodology can also indicate the pairwise comparisons which are causing the greatest 
inconsistency, and these can be revisited by the decision maker to check for potential 
errors. The idea is therefore not to insist on consistency, but rather to provide a measure 
of consistency as well as a method to reduce this measure. The decision ‘whether to or 
not’ is therefore entirely within the hands of the decision maker and not enforced by the 
technique.
3. C ritic a l  A p p r a isa l  OF THE M e t h o d o lo g ie s
This overview of decision analysis methodologies indicates that there are a number of 
basic approaches that are widely used by practitioners of decision analysis. Winterfeldt 
and Edwards’ (1986) basic approach is based on SMART or SWING weighting with 
direct rating, Saaty’s (1980) AHP approach on eigenvector calculation of pairwise 
comparisons, and Keeney and Raiffa (1976) tend to use the TRADEOFF method for 
weighting and the indifference method for creating utility functions. Although there 
seems to be a divide between AHP (led by Saaty) and non-AHP studies, nearly all 
practical applications have been based around the SAW method to combine results. At 
the basic level then, the only difference separating the common approaches is in terms 
of the methodologies they use to:
1. Assess weights; and
2. Develop preferences between alternatives.
As Winterfeldt and Edwards point out (1986), there is no practical or theoretical reason 
not to ‘mix and match’ the basic weighing and performance measurement 
methodologies to best suit the objectives of the decision. The purpose of this review is 
therefore to conclude on the best methodology to use for 1) weighting and 2) for 
performance measurement with direct reference to the objectives of this research.
3.1 C r it ic a l  A ppr a isa l  OF W e ig h t in g  T e c h n iq u es
There has been a great deal of research into weighting techniques; for example, 
Schoemaker and Waid (1982), Borcheding et al (1991), Jaccard et al (1986), Hobbs 
(1980), Srivastava et al (1995) and Belton (1986). This research has tended to focus on 
comparing the weights calculated using the main weighting techniques (e.g. SWING, 
SMART, AHP, TRADEOFF and DIRECT RANKING) and has typically involved 
comparing the weights elicited during staged experiments.
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Taken as a whole, the results from these experiments are largely inconclusive, with 
each showing varying differences in agreement and disagreement between the methods. 
The TRADEOFF method has been suggested as the most theoretically sound method 
(Hobbs, 1980 and Borcherding er a/, 1991), although these authors do agree that its 
inherent complexity makes it impractical for most real applications. Overall these 
studies are not able to unanimously agree or suggest any one method as being superior 
to the another. Indeed the overwhelming message is that the choice of weighting 
method is context driven and should be chosen to reflect the needs of the decision and 
decision makers. Simplicity is often cited as the most important virtue of the weight 
elicitation method.
These sentiments tend to reflect the conclusions and recommendations of a recent study 
by Poyhonen which reviewed earlier weight experiments and compared the results with 
her own weight comparison experiment (1998):
“There is no superior weighting method. Researchers shouldfocus more on how 
the methods are used in practice in interaction with decision makers and how 
the decision makers interpret the results instead o f searching for a superior 
theoretical base for the methods. ”
“The weighting method itself is not the essential ingredient in stimulating the 
discussion. The weighting methods are only tools used in the analysis and the 
main thing is to focus on the process and how they are used. ”
Taken from the perspective of this research, which wishes to incorporate a wider 
stakeholder audience’s views into the decision process, the emphasis should therefore 
be on choosing a weighting technique which is simple and yet can help the decision 
making process. In this respect Saaty’s (1980) pairwise comparison methodology offers 
promise since not only is it simple for users to apply - only pairs of performance 
attributes need to be considered at any one time - it also offers an appealing consistency 
measurement feature which, at the discretion of the decision maker, can be used to 
measure, identify and adjust individual pairwise decisions. This not only helps prevent 
unwanted mistakes but can also be used to identify and therefore document pairwise 
decisions which the decision maker wishes to remain inconsistent.
3.1.1 Measurement Techniques
Research into performance measurement techniques has not been as pronounced as that 
looking into weighting techniques (see above). Indeed Winterfeldt and Edwards (1986, 
p.213) are only able to identify three studies (Barron et al, 1984; Dyer and Sarin, 1979; 
Sarin, 1982) which look at the logical relationships between value functions (section 
2.3.1, p6) and utility approaches (see section 2.3.2, p7), all of which tend to suggest that 
the approaches are the same.
Once again the preference of various practitioners differ. Winterfeldt and Edwards 
(1986) support the SMART approach which uses direct rating, Saaty’s (1980) AHP 
methodology uses the eigenvector approach, and Keeney and Raiffa (1976) advocate 
the utility curve (or indifference) approach.
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Referring back to this research’s objectives, there are strong arguments for using 
techniques which are both simple (do not require many judgements) and transparent. 
On this basis, the direct rating approach is more appealing than the indifference 
approaches. Proponents of the indifference method (Keeney and Raiffa, 1976) argue 
that it gives a much more accurate representation of a decision maker’s value 
preferences than simple direct rating procedures. Even if this was true, it is unlikely that 
this added accuracy will actually add anything to the analysis, especially since there are 
other sources of bias or error in the procedure, for example in weight elicitation.
Direct rating, is of all the methods, the simplest and the most transparent. Whether or 
not it is always appropriate to assume a linear representation, as for example Edwards 
(1977) who is content to draw a straight line connecting the maximum plausible and 
minimal plausible values, is open to debate. In situations where a decision maker’s 
preferences are monotone, that is either more is better than less or less is better than 
more, throughout the plausible ranges of the dimension, there is a strong argument to 
use a straight line approach. Indeed, Edwards (1977) quotes studies which have shown 
correlations of 0.99 between the final results for studies using straight line value 
functions and ‘true’’ value functions.
There are of course counter arguments for using non linear value functions, since they 
do not ignore the economic law of diminishing returns which implies people’s 
preferences are not monotone. For example, if you both prefer meat to drink and regard 
meat as more important than drink, and your value function is linear with quantity of 
meat, you would presumably keep on buying and consuming meat till you die of thirst.
The choice of whether to use a linear or non linear value function should therefore 
remain context driven. For example, it may be advisable to use a non-linear 
transformation depending on whether it is necessary to enhance discrimination in the 
‘mid range’ or at the extremes. In general however, the simpler linear functions should 
be used unless the dimension clearly requires a more complex non linear value 
function.
Saaty’s (1980) priority vector approach is clearly still an option, although there are a 
number of arguments against this approach as follows:
1. The approach uses ratio comparisons to create a priority vector; because this is 
normalised, the final priorities become divorced from any natural scale which could 
be used to compare the performance of alternatives.
2. The approach does not create any links to real life benchmarks, so it is not possible 
to compare the final priority weights to any meaningful industry standard.
3. The approach can quickly become tedious. For example, if you have, say, 6 
performance attributes, and four alternatives, this would entail (6x4x3)/2 or 36 
pairwise decisions.
 ^ In this context a ‘true’ value function refers to transformations based on best available knowledge as 
opposed to a linear transformation which approximates the ‘true’ function.
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3.1.2 Critical Appraisal of Some Specific Aspects of AHP
This analysis would not be complete without some reference to the extensive literature 
which surrounds the AHP. This seems to be broadly split into those that are critical, but 
not necessarily dismissive of the technique (e.g. Belton, 1982,1986; Stewart, 1992) and 
active supporters of the methodology (e.g. Harker, 1989). The predominant issues of 
contention are:
1. AHP’s susceptibility to rank reversal.
2. The choice and definition of the semantic ratio scale.
3. Assessment of weights in isolation fi-om specific performance ranges of the 
alternatives
4. Using the eigenvector to calculate weights fi’om a pairwise comparison matrix.
Each of these issues is addressed in turn below.
3.1.2.1 Rank Reversal
The phenomenon of rank reversal in AHP was first pointed out by Belton and Gear 
(1982) who showed that the relative rankings of two alternatives can change depending 
on what other ‘irrelevant’ alternatives are available. This phenomenon led Dyer (1990) 
with perhaps some hyperbole, to conclude that the AHP rankings are arbitrary. In fact 
the phenomenon sounds much more sinister than it actually is. Because the AHP uses 
normalised performance values, then by definition these value are interdependent. By 
introducing new alternatives one ‘spreads out’ the normalised performance values and 
depending on the weights set for the performance attributes this can result in the final 
ranking of the alternatives to change - for example, reversal of the alternatives 
originally ranked first and second
Appendix n il provides an example AHP decision process which exhibits rank reversal. 
It also offers some modifications to the basic AHP technique to prevent rank reversal. 
The most useful of these is to use a direct rating performance scoring technique instead 
of the technique’s usual method.
3.1.2.2 The 1 to 9 Scale
Saaty’s preference scale (see Table 2, p3) is often criticised for its arbitrariness, for 
example, why 1-9 and not any other scale?
Saaty (1980) offers several reasons for using the 1-9 scale and associated descriptions:
1. The qualitative distinctions are meaningful in practice and have an element of 
precision when the items being compared are of the same order of magnitude or 
close together with regard to the property used to make the comparison.
2. People’s ability to make qualitative distinctions is well represented by five attributes: 
equal, weak, strong, very strong and absolute and that it is possible to make 
compromises between these adjacent attributes if necessary - this results in a scale of 
nine values.
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3. Research in marketing has shown that people do not need more than about 7 scale 
points to distinguish between stimuli, hence it is not necessary to go higher than 9.
Possibly the most convincing argument for using the 1-9 scale is that it seems to work. 
Saaty (1980) quotes extensive experimental work using different scales to compare 
peoples perception of distances between cities in USA - comparison of these results 
with actual distances showed the 1-9 scale was not inferior to any of the other scales. 
Furthermore, further experiments by Saaty (1994) have shown that the eigenvector 
solution is very stable when a judgement (but not necessarily all the judgements) is 
perturbed by a small amount. Thus in general, over-concern about a high degree of 
precision in representing what in reality are not precise judgements can be illusory and 
counterproductive. Of course if bad mistakes are made in several judgements this can 
affect the final weights, although the consistency check is a good measure to reduce the 
probability of such happenings.
3.1.23 Assessment o f weight in isolation from  specific performance ranges o f the 
alternatives
In AHP the weights for the performance attributes are assessed through pairwise 
decisions which compare the importance of the performance attributes to the decision 
maker. Yet these decisions are made in isolation from the range of decision alternatives; 
that is to say the decisions on the weights are made without considering the range of 
performance defined for each performance attribute.
Opponents of this approach (e.g. Keeney, 1982; Stewart, 1992; Belton 1986) argue that 
this is wrong. They argue that weights can not be expressed in the absence of context, 
since otherwise it is possible that the decision makers assess weights relevant to a 
different context. In other words decision makers need to know the alternatives and 
their range of performance on the performance attributes before they can decide on the 
relative weights of these attributes. In general this approach suggests that weights are 
sensitive to the range of performance, and as the range of performance increases or 
decreases so should the weight assigned to it by the decision maker.
The contextualising of the problem prior to making a decision sounds on the face of it a 
good idea. It does however suffer from a number of flaws:
• Defining the decision alternatives before the analysis has started is often very 
unreliable. Normally realistic alternatives only emerge after the decision process has 
started - therefore after the performance attributes have been defined and weighted.
• The purpose of the approach is to consider a range of tangible and intangible 
performance attributes in the decision process. Since intangible performance 
attributes rarely have pre-defined scales, the range of the scale is to all extents and 
purposes meaningless in assessing weights.
Furthermore there is a significant body of research which suggests that people’s weights 
are not range sensitive. Experiments by Nitzsch and Weber (1993 ) and Fischer (1995) 
show that changing the ranges of performance on the attributes does not result in the 
correspondingly theoretically predicted change in weight. Indeed Poyhonen and 
Hàmâlàinen (1998) show, with experiments using weighting techniques such as
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TRADEOFF and SWING which explicitly refer to the attribute ranges, that changes in 
the attribute’s performance range had no significant effect on the weights.
Saaty (1980, 1994) argues that people are able to compare the importance of 
performance attributes without knowledge of the performance ranges of the particular 
alternatives on these performance attributes. He argues that this is particularly true 
when the decisions are made in relation to a specific goal as is the case in AHP. This 
therefore explains why people can answer questions such as, “How much more 
important is it to study than do physical exercise to do well in a test?”
Overall the argument both for and against using attribute ranges do not seem totally 
convincing. However the experimental work seems to suggest that people are not range 
sensitive. When this finding is coupled with the difficulties of defining attribute ranges 
and alternatives at the beginning of a decision process, the arguments against AHP do 
not seem so convincing.
3.1.2.4 Using the Eigenvector
Saaty’s AHP methodology calculates the right eigenvector of pairwise comparisons to 
estimate a priority vector. Frequently asked questions are:
1. Why use the eigenvector and not alternative techniques such as Logarithmic Least 
Squares (LLS)?
2. Why use the right eigenvector since it is also possible to calculate a left eigenvector?
To answer these questions it is first important to understand how the eigenvector 
calculation actually works. Harker describes the eigenvector as “ an averaging of all the 
possible ways of thinking about a set of altematives”(1989, p. 16). The ‘ways of 
thinking’ are of course the pairwise comparisons so the eigenvector is therefore 
calculating an average of these decisions.
The basis for using the eigenvector lies in the idea of dominance and consistency of 
judgements. Since it is reasonable to anticipate some level of inconsistency between 
judgements, to obtain the priorities from the dominance expressed in the judgements, it 
is necessary not only to consider direct dominance of one element a over b expressed in 
the numerical paired comparison but also indirect dominance in two steps such as a 
dominates c and c dominates b, and in three steps a dominates c, c dominates some 
third element d. From graph theory it is known that the dominance in two, three steps, 
etc., can be obtained by squaring, cubing etc. or in general raising of the dominance 
matrix to higher powers. Since the pairwise comparisons create this chain effect of 
dominance then the eigenvector calculation, which is based on raising the matrix of 
dominance decisions to higher powers, is implicitly the correct procedure for 
calculating the priority weights. Indeed Saaty (1980, 1994) argues that the eigenvector 
is the only way to derive rank and capture all order transitivities when judgements are 
inconsistent since, it is able to include all order inconsistencies.
Looking at the reasons for using the right rather than the left eigenvector, it is important 
to realise the order of dominance that we are actually trying to measure. The right
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eigenvector theoretically measures how much an element dominates another element. 
Therefore the pairwise comparison questions are framed as follows;
“ how much more preferred is a to b in terms o f objective c?
To use the left eigenvector calculation would mean asking the following type of 
question;
" what fraction o f importance does a have in relation to b in trying to achieve c? ”
It is fairly plain that the approach used by the right eigenvector, which relies on direct 
dominance is easier to understand and therefore apply with decision makers.
In comparing the eigenvector with other approaches, for example the Logarithmic Least 
Squares (LLS) method, Harker and Vargas (1987) and Fichter (1986) agree that both 
methods have their advantages. However, as shown by Harker and Vargas (1987) and 
argued above, the eigenvector method has the advantage of being a simple averaging 
process by which the final weights w are taken to be the average of all possible ways of 
comparing alternatives. Thus, the eigenvector is a ‘natural’ method for computing the 
weights. Indeed, experimental research by Golany (1993) which compares the 
eigenvector approach with 5 other calculation methods, including LLS, concludes that 
the eigenvector approach is not dominated by any other of the methods investigated.
On a final note, possibly the most convincing argument for using the eigenvector is that 
it is the only method which can calculate a measure of the decision maker’s 
consistency.
3.1.2.5 Overall Comments
Not withstanding these criticisms it is probably worth noting what is probably the most 
important trait of AHP - people like using it. In 1994, Saaty estimated that over 1,200 
papers and books had been written on AHP since its initial conception in 1980 
(Saaty,1994a). A significant proportion of these have been the subject of practical 
applications, which has included^:
1. Selecting automation processes.
2. Selecting alternative power generation alternatives.
3. Transport planning.
4. R&D selection.
5. Regional planning.
6 Space exploration.
* Or if  6 is preferred to a, the question is turned round as follows “ how much more preferred is 6 to a  in 
terms of objective c ”
 ^ A comprehensive bibliography of the development, use and application o f AHP is included in Saaty 
(1994) and less recently by Harker (1989)
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The following are offered as some possible reasons why AHP has received such popular 
acceptance in academia (with more than 50 PhDs awarded so far) and in top level 
decision making in governments and corporation (measured through its continued 
widespread use) (Saaty, 1994a):
1. People find it natural and are usually attracted rather than alienated by it.
2. It does not require advanced technical knowledge.
3. It considers judgements based on people’s feelings and emotions as well as their 
thoughts.
4. It can deal with tangibles side by side with intangibles.
4. C o n c l u sio n s
This survey has highlighted the differences and similarities between the basic decision 
analysis approaches most common in the literature. At a fundamental level these all 
share essentially a similar backbone and support decision makers with the basic 
challenges of decision analysis, namely:
How to structure the problem and design a value (hierarchy) tree.
How to define the relative weights of the performance attributes which are important 
for making the decision.
How to define a scale by which to measure the relative performance of the decision 
alternatives.
• How to combine the weights and performance scores to reach a decision.
In fact the basic differences between the approaches lie primarily in the algorithms and 
complexity of the techniques for the actual measurement of weight and performance. In 
terms of actually using the approaches to aid decisions, research which cross compares 
them (see for example Poyhonen, 1998), shows that the best approach is often the 
simplest. Indeed the greatest bias on the output is unlikely to stem from the 
methodology itself, but rather from the decision maker’s understanding of the 
technique. So no matter how sophisticated a method is, unless decision makers 
understand and can practically use the technique, the old adage - garbage in garbage 
out-will apply.
This recommendation has particular relevance to the objectives of this research, which 
amongst other things aims to help integrate a greater level of stakeholder preferences 
into the decision process. Hence methodologies which simplify the decision process, for 
example by breaking the decision up into smaller components, yet are not overly 
complex are clearly the most preferable. With this in mind the following is offered as a 
summary of the analysis so far:
1. There is no optimal or best way for structuring the decision.
2. Saaty’s pairwise comparison method for weight elicitation is simple, highly 
practical, appealing and very widely used. In the words of Saaty “Logic, feelings, 
emotions, limitations and experiences are all part o f our make up. Our approach to
18
Part n  Graham Earl
Decision Analysis Techniques_______    Engineering Doctorate
decision making needs to consider intensities o f judgement whatever the origin o f 
that judgement. It is from arithmetic intensities that AHP derives its priority scales" 
(Saaty, 1994, p. XII). An added strength of the technique is that it allows consistency 
to be enumerated, and since transitivity is not insisted upon, the decision makers can 
choose how best to use this information.
3. The direct rating technique is the simplest and most transparent technique for 
performance measurement yet does not seem to suffer in terms of accuracy with far 
more complex techniques.
Hence, it seems reasonable to make the following recommendations:
• The overall emphasis of the research should be on developing a decision support 
process through real life applications which works and therefore brings benefits to 
the owners of the decision. In this respect many of the prominent practitioners (e.g. 
Winterfeldt and Edwards, 1986; Keeney, 1982; Saaty, 1980, 1994) offer practical 
advice on this subject and this should be used wherever appropriate.
• Saaty’s pairwise comparison methodology should be used for eliciting the weights 
stakeholders place on the decision’s performance attributes. However the full AHP 
process should be avoided due to the potential for rank reversal.
• Direct rating or a hybrid of this approach should be used for setting performance 
measurement scales by which to measure decision alternatives.
• The SAW method should be used to combine the weights and performance 
measures.
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1. M a th em a tic a l  Fo u n da tio n s
In this appendix the basic mathematical concepts used in the AHP will be summarised. 
For a more thorough treatment of these issues, the reader is referred to Saaty (1980).
2. T h e  Pa ir w ise  C o m pa r iso n  M atrix
The first major task in the AHP involves the estimation of the weights of a set of objects 
(performance attributes or alternatives) from a matrix of pairwise comparisons A = (a^). 
which is positive and reciprocal. This givens a matrix of the form:
A =
&I1 &12 a in
&21 &22 •••• a2n
% 2 . . . . &3n
3n l an2 . . . . ann
Where ^  = l/aji for all i, j = 1,2,...., n
In layman terms this means it is not necessary to make pairwise comparisons of all the 
possible combination of pairs of performance attributes. The assumption that the 
pairwise comparisons are reciprocal means that for example, if you judge stone A to be 
5 times as heavy as stone B, then the reciprocal is also true, stone B is one fifth as heavy 
as stone A. Therefore for any pairwise comparison matrix it is only necessary to make:
No Pairwise Comp= n (n-l)/2
where n = Number of performance attributes or decision alternatives.
Thus to complete matrix A above, only pairwise comparisons above the principle 
diagonal are required.
3. CALCULATING THE E ig e n v e c t o r
3.1 T h e  T h e o r y
If the judgements in matrix A are perfectly consistent, i.e. :
a&%q = a^ i for all i, j, k = 1,2,...., n.
Then the entries of the matrix A would contain no inconsistencies and could be 
expressed as:
aij = Wj/wj
To see this last result, note that:
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Oikakj = WiWk/WkWj = Wi /Wj = aij for all i, j ,k = 1, 2,... n.
In this case, it would be feasible to simply normalise any column j of A to yield the 
final weights (w):
Wi = aij/(SViaig) for alii =1,2.... ,n .
However, inconsistencies in judgement are typically made and, therefore, the final 
result using colunrn normalisation would depend on which column was chosen. Two 
competing methods exist for estimating the weights when errors in judgement exist: 
logarithmic least squares (LLS) and Saaty’s Eigenvector method. LLS estimates the 
weights w as those which minimise the following objective:
(In aij-In Wi + In Wj)^
Saaty’s method computes w as the principle right Eigenvector (or Perron right vector) of 
matrix A:
Aw = A^naxW
Where Àmax. is the maximum eigenvalue of the matrix, or
Wi = aijWj/Xmaxfor all i =1,2,...., n.
As discussed in Harker and Vargas (1987) and by Fichter (1986), both methods have 
their advantages. However, as shown in by Harker and Vargas (1987), the Eigenvector 
method has the advantage of being a simple averaging process by which the final 
weights w are taken to be the average of all possible ways of comparing alternatives. 
Thus, the Eigenvector is a ‘natural’ method for computing the weights. There is also 
theoretical evidence (Saaty, 1987; 1984) which suggests that this method is the best at 
uncovering the true rank order of a set of performance attributes or decision 
alternatives.
Taken in more layman terms the principal right Eigenvector for matrix A is calculated 
by raising the matrix to increasing powers k and normalising the resulting system:
Eigen vector = lim A^e/e’^ A^ e
Where: k -> infinity
A = Matrix 
e = (l,l.......,l)
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3.2 An Example
For matrix A of pairwise comparisons, below:
1 1/9 1/3 1/4
9 1 3 2
3 1/3 3 2
4 1/2 2 1
If one normalises each column, the following estimate of the weights is obtained:
C l €2 €3 C4
0.0588 0.0571 0.0526 0.0667
0.5294 0.5143 0.4737 0.5333
0.1765 0.2571 0.3158 0.1333
0.2353 0.2571 0.3158 0.2667
Note that each column (Cn) yields a different estimate of the weights. Using the 
Eigenvector method, and raising the matrix to the first iteration yields:
w' = A 'e/eW e = (0.05837,0.51675,0.166651,0.25837).
Raising A to the second power A  ^= A x A, yields:
4 0.4583 1.5 0.8889
35 4 13 7.75
A' = 11 1.25 4 2.4167
18.5 2.1111 6.8333 4
which in turn creates the second estimate of the weights:
vp- = a W a ^ 6  = (0.05867,0.51196,0.15994,0.26943). 
Continuing this process, we obtain:
= A V e V e  = (0.05882,0.51259,0.15958,0.26890) 
yP = A V e V e  = (0.05882,0.51261,0.15971,0.26886) 
yP = A V e V e  = (0.05882,0.51261,0.15971,0.26886)
Thus, the process has converged in five iterations.
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4. C a l c u l a t io n  OF C o n sist e n c y
Th^Eigenvector method gives a natural measure for consistency. As shown by Saaty 
(1980), A^nax is always greater than or equal to n for positive, reciprocal matrices, and is 
equal to n if and only if A is a consistent matrix. Thus, (l^ax - n) provides a useful 
measure of the degree of consistency. Normalising this measure by the size of the 
matrix, Saaty defines the consistency index (Cl) as:
C l  =  (X m a x - l ) /n - l
For each size of matrix n, random matrices were generated in an experiment conducted 
at the Oak Ridge National Laboratory and the Wharton School (see Saaty, 1980). Based 
on these experiments it was possible to define a Cl value, for a randomly generated 
matrix of size n, and define this as the random index (RI), shown below as Table 1.
n 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R.I. 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 1.51 1.48 1.56 1.57 1.59
Table 1: Random Inconsistency Index (R.L)
Therefore it is possible to define a Consistency Ratio (CR), by calculating the ratio of 
Cl to RI Thus the CR is a measure of how a given matrix compares to a purely 
randomly generated matrix in terms of consistency. Therefore,
CR = CI/RI
A value of the CR < 0.1 is typically considered acceptable.
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1. In t r o d u c t io n
Saaty’s (1980) Analytic Hierarchy Process (AHP) has many opponents and proponents. 
One topic which is often brought up by opponents of AHP is the technique’s 
susceptibility to rank reversal. This phenomenon was first publicised by Belton and 
Gear (1982) and has since caused a great deal of controversy amongst the decision 
analysis community. In this study Belton and Gear showed that the relative rankings of 
two or more alternatives can change depending on what other ‘irrelevant’ alternatives 
are available. In other words it is possible for the original option ranking to be reversed 
purely (without modifying performance attribute weights) by adding further alternative 
options into the AHP analysis.
This document will show a simple example of how rank reversal can occur in AHP. It 
will then summarise some methodological developments fi*om the original AHP 
methodology first proposed by Saaty Wiich have been developed to ensure rank reversal 
does not occur when using the AHP. Finally this document will critically appraise these 
modifications and justify the modified AHP approach adopted by the MADE model 
which ensures that rank reversal can not occur.
2. B a sic  C o n c e pt s  AND T e r m in o l o g y
To help in understanding the examples shown later of rank reversal this section will 
define some basic concepts and terminology.
The AHP, which is a decision analysis tool, covers a number of basic stages. Figure 1 
below illustrates the fundamental steps of the AHP, provides examples of the output 
and its terminology at each stage of the process.
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PROCESS EXAMPLE OR TASK OUTPUT
TERMINOLOGY
Analyse Data
Problem Definition Buy a car
Performance Attributes
Attribute Weights
Option Priorities
Performance Priorities
Decision OptionsPorsche, Chevrolet, HondaDefine Options
Pairwise Comparisons of 
Performance Attributes
Cost, Style, PerformanceDefine and Structure the 
‘performance attributes’
Define Preferences 
Between Performance 
Attributes
For Each Option Sum 
Products of Weights and 
Performance Priorities
Measure Option 
Performance with Respect 
to Each Performance 
Attribute
Pairwise Comparisons of 
Options with Respect to 
Each Performance 
Attribute
Decision Choose Option with Highest Option Priority
Figure 1: AHP Steps, Output and Terminology
The examples and discussion that follow will use the terminology defined in Figure 1.
3. E x a m p l e  OF R a n k  REVERSAL
The following example adapted from Belton and Gear’s (1982) study shows how the 
ranks of possible options are reversed through the introduction of an ‘irrelevant’ option. 
The first calculation or ‘basecase’ calculates a decision maker’s ranking of three cars 
when compared against 3 performance attributes. The second case, which is the same as 
the basecase except that another similar car is introduced, illustrates how the original 
rankings have changed purely by adding a new option into the analysis.
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3.1 B a se c a se  R a n k in g
3.1.1 performance Attributes and Options
Aim: Choose best car
Decision Options (3): Honda, Chevrolet, Porsche
Performance Attributes (3): Cost, Style, Performance
3.1.2 Performance Attribute Weights
Performance attribute weights are estimated by calculating the Eigenvector of pairwise 
comparisons of the performance attributes. In this example all performance attributes 
are assumed equally important as shown by the matrix below.
Pairwise Comparisons
Cost Style Performance
Cost 1 1 1
Style 1 1 1
Performance 1 1 1
Attribute Weight 
Eigenvector
3.1.3 Performance Priorities
In Saaty’s AHP performance priorities for the decision options are also calculated 
through pairwise comparisons. Each performance attribute is viewed separately, so in 
this case the decision maker must first consider their preference between the options in 
terms of ‘cost’, then ‘style’ and finally ‘performance’.
This produces three pairwise comparison matrixes. These can then be used to estimate 
(by calculating eigenvectors) the decision maker’s preference for options in terms of 
each performance attribute as shown below.
Cost Comparisons
Pairwise Comparisons Performance
Priority
Chevrolet Honda Porsche
Chevrolet 1 1/9 1
Honda 9 1 9
Porsche 1 1/9 1
Consistency Ratio: 0
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Style Comparisons
Pairwise Comparisons
Consistency Ratio: 0 
Performance Comparisons
Pairwise Comparisons
Consistency Ratio: 0
3.1.4 Option Priorities
Performance
Priority
Chevrolet Honda Porsche
Chevrolet 1 1 1/9
Honda 1 1 1/9
Porsche 9 9 1
Performance
Priority
Chevrolet Honda Porsche
Chevrolet 1 1/9 1/8
Honda 9 1 9/9
Porsche 8 8/9 1
Cost Style Perform. Attribute
Weight
Priority^ Rank
Chevrolet 1/11 1/11 1/18 1/3 0.08 3
Honda 9/11 1/11 9/18 X 1/3 = 0.47 1
Porsche 1/11 9/11 8/18 1/3 0.45 2
^The option priority vector is calculated by multiplying the performance priority matrix 
by the performance attribute weight vector. For example:
Chevrolet priority = (l/ll* l/3 )+ (l/l 1*1/3H1/18*1/3)=0.08 
Honda priority = (9/ll*l/3)+(l/ll*l/3)+(9/18*l/3)=0.08 
Porsche priority = (1/1 l*l/3)+(9/l l*l/3)+(8/I8*l/3)=0.08
The final ranking calculated is therefore Honda> Porsche>Chevrolet.
3.2 Se c o n d  Ca se
In the second case a second Honda is introduced which is identical to the first except its 
colour is different. In this analysis colour is assumed not to be an important 
performance attribute so the new option can be classified as ‘irrelevant’.
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3.2.1 Performance Attributes and Options
Aim:
Decision Options: 
Performance Attributes:
Choose best car
Honda 1, Honda2, Chevrolet, Porsche 
Cost, Style, Performance
3.2.2 Performance Attribute Weights
Performance attribute weights are unchanged from the basecase.
Pairwise Comparisons
Cost Style Performance
Cost 1 1 1
Style 1 1 1
Performance 1 1 1
A.ttribute Weights 
Eigenvector
3.2.3 Performance Priorities
Performance priorities are calculated in the same way as before. Although no new 
preference data is added (preferences between options remain the same) the 
introduction of the new Honda will alter the previously calculated performance 
priorities as shown below.
Cost Comparisons
Pairwise Comparisons^ Performance
Priority
Chevrolet Hondal Honda2 Porsche
Chevrolet 1 1/9 1/9 1
Hondal 9 1 1 9
Honda2 9 1 1 9
Porsche 1 1/9 1/9 1
 ^The pairwise comparisons remain the same as in the basecase. 
Consistency Ratio: 0
Style Comparisons
Pairwise Comparisons^ Performance
Priority
Chevrolet Hondal Honda2 Porsche
Chevrolet 1 1 1 1/9
Hondal 1 1 1 1/9
Honda2 1 1 1 1/9
Porsche 9 9 9 1
 ^The pairwise comparisons remain the same as in the basecase. 
Consistency Ratio: 0
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Performance Comparisons
Pairwise Comparisons^ Performance
Priority
Chevrolet Hondal Hondal Porsche
Chevrolet 1 1/9 1/9 1/8
Hondal 9 1 1 9/8
Honda2 9 1 1 9/8
Porsche 8 8/9 8/9 1
 ^The pairwise comparisons remain the same as in the basecase. 
Consistency Ratio: 0
3.2.4 Option Priorities
Cost Style Perform. Attribute
Weight
Priority Rank
Chevrolet 1/10 1/11 1/17 1/3 0.06 4
Hondal 9/10 1/11 9/17 1/3 0.19 1
Hondal 9/10 1/11 9/17 X 1/3 = 0.19 1
Porsche 1/10 9/11 8/17 0.37 1
Option priority ranking is now Porsche>Hondal=Honda2>Chevrolet.
3.3 O u tc o m e
The effect of introducing the similar Honda has been to reverse the rank between Honda 
and Porsche. This effect is introduced because the AHP method calculates option 
ranking by using normalised option performance and performance attribute weight data. 
In other words the second Honda ‘spreads’ the preference for the Honda between 2 
options. The result is that the preference for the Porsche is artificially increased causing 
a rank reversal.
4. M e th o d s  TO O v e rc o m e  R a n k  R e v e r s a l  U s in g  AHP
Rank reversal as shown here is clearly a serious phenomenon and one which can not 
justifiably be ignored. A number of solutions to overcome this phenomenon have been 
proposed and are discussed below.
4.1 C a r e f u l  O pt io n  DEFINITION
This is the simplest yet least practical solution to prevent rank reversal. Basically it 
shifts the responsibility from the decision tool onto the analyst who must carefully 
screen options and remove any which are similar or irrelevant.
4.2 Id e a l  M o d e
This solution involves using a modified AHP method termed by Saaty as the ideal mode 
(1994). In the ideal mode the normalised performance priorities calculated for each
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performance attribute are in each case divided through by the highest priority weight in 
each vector. The option priority is then calculated in the same way by summing the 
scaled (ideal) performance priority and performance attribute weight products.
The following example illustrates how the ideal mode can be used to preserve option 
ranking when the second Honda is added.
Option Priorities
Cost Style Performance Attribute Option Priority
Norm Ideal Norm Ideal Norm Ideal Weight Norm Ideal
Chevrolet 1/20 1/9^ 1/12 1/9 1/27 1/8 1/3 0.06 0.12
Hondal 9/20 1 1/12 1/9 9/27 1 1/3 0.29 0.70
Honda2 9/20 1 1/12 1/9 9/27 1 1/3 0.29 0.70
Porsche 1/20 1/9 9/12 1 8/27 8/9 0.37 0.66
 ^ The ideal performance priority is calculated by dividing the normal performance 
priority by the highest performance priority in the vector. In this case (l/20)/(9/20) = 
1/9.
This example shows that rank order is preserved in the ideal mode.
4.3 A b so l u t e  Sc o r in g
This is the simplest and yet most practical method for preserving rank order and 
involves using absolute measurement to determine option performance. Using this 
method options are simply awarded scores, for example between 0 and 100 to 
determine their performance relative to each performance attribute. Option ranking is 
calculated in the same way as before by summing the products of the performance 
attribute weights and scores for each option.
Using this method it is not necessary to normalise the performance vectors and 
therefore rank reversal can not occur if new options are added to the analysis.
5. D e s ig n  P r in c ip le s  F o r  MADE - P r e s e r v in g  R a n k  O rd e r^
In designing the MADE model the third option (using absolute measurement) was 
chosen to overcome the problem of rank reversal. Hence, the MADE model uses 
absolute measurement for option scoring and the pairwise method for setting 
performance attribute weights. Analyses carried out using MADE are therefore not 
susceptible to rank reversal.
The absolute measurement method was chosen because:
1. It ensures rank reversal can not occur.
2. It is not practical to screen options for irrelevant options.
* See Part HI
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3. Using pairwise comparison to calculate performance priorities quickly becomes very 
tedious. The ideal mode is therefore not a sensible solution to rank reversal; it is 
much simpler to score using a word model.
4. The final scores are transparent and are directly comparable amongst options and can 
be related back to the word-model definitions.
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1. In t r o d u c t io n
This document outlines the SVA Toolkit (which embodies a stakeholder value analysis 
approach), and more specifically describes the ‘tools’ making up the SVA Toolkit. 
These have all been identified and in some cases designed to meet the challenges of 
environmental investment and strategy decision making^
2. St a k e h o l d e r  Va l u e  A n alysis
The driving force behind this research has been the hypothesis that the uncertainties and 
risks faced by decision makers charged with making environmental decisions can best 
be managed by a process defined in the Overarching Document as Stakeholder Value 
Analysis (SVA). From a decision maker’s perspective this process is both challenging 
and problematic since it is highly complex and is not supported by the traditional 
decision making tools of decision makers such as Net Present Value (NPV), Payback 
and Cost Benefit Analysis (CBA).
With this challenge in mind, coupled with extensive literature review (see Parts I and H) 
and development and validation work in industry (see Parts IV and VQ) the research has 
resulted in the specification and development of a methodology to support a 
Stakeholder Value Analysis process. Because of the complexity of the challenge, and 
the fact that no two investment decisions are the same and consequently will require 
different levels and types of decision support, the research has resulted in the 
application and development of a ‘toolkit’ of decision support models, from here on 
referred to as the Stakeholder Value Analysis (SVA) Toolkit^.
Figure 1 illustrates the SVA Toolkit structure and its relationship to a stakeholder value 
analysis methodology which aims to capture, analyse and maximise the stakeholder 
defined performance attributes^ driving the investment decision and in so doing 
minimise the risks and uncertainty of the decision" .^ The basic elements of the SVA 
methodology are:
1. The inputs to the Toolkit models.
2. The Toolkit's decision and analysis models, which are all inter-linked and can be 
used in any combination or form, and include;
2.1. The Multi Attribute Decision Environment (MADE) which is the central 
decision tool used for defining, measuring and processing less tangible 
stakeholder defined performance attributes.
2.2. The Paras financial model which has been developed by Paras Ltd and 
supports the financial quantification of a wider array of financial 
attributes.
* These are discussed and defined in the Overarching Document.
 ^ The SVA Toolkit is presented throughout the portfolio. Because the portfolio has evolved and moved 
with the development process of the Toolkit, the SVA Toolkit is not shown in the same way throughout. 
However the most contemporary version is the one shown in this portfolio component.
 ^Please refer to the glossary for the specific definition of this term.
This could be an investment, strategy or policy decision.
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2.3. Conjoint Analysis model, which is an analysis rather than decision tool 
and is used to measure consumer preferences for products’ performance 
attributes; for example, the relative importance to consumers of a 
product’s environmental performance with respect to other attributes 
such as price, operational performance, image etc.
2.4. Sensitivity analysis and option creation models to support the analysis.
3. Outputs from the models for use in risk and strategy management of the 
decision.
The basic sequence of the methodology follows the heavy full lines in Figure 1, whilst 
feedback paths are shown by lighter dotted lines.
Reference to Figure 1 shows that the SVA methodology provides a structure with a 
number of different paths for the stakeholder input information to follow before it can 
be used to support investment (or strategy) decisions. The subsequent subsections aim 
to describe how this information is gathered and used within the Toolkit’s models. This 
will start with descriptions of the three main components: the Paras, MADE, and 
Conjoint Analysis models.
Following from this, the synergistic value of the SVA Toolkit will be developed by 
showing how the models which comprise the Toolkit can be combined to produce 
quantitative metrics to support the management of a decision owner’s risk and strategic 
objectives.
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Stakeholder Value Analysis Inputs
Stakeholder
Objectives
Decision
Options
Company
Strategy
Stakeholder
Preferences
Performance Data for 
 Options_____
Sensitivity Analysis 
Model
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Financial
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Attribute
Decision
Environment
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4Stakeholder Value Analysis Tools
Conjoint
Analysis
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Creation
Stakeholder Value Analysis Outputs
Stakeholder Option 
Ranking
Sensitivity
Report
Cost Benefit 
Ratios
Stakeholder
Clusters
Surrogate Financial 
Measures
Risk and Strategy Management
I
Stakeholder Value Maximised Decision
Figure 1: Stakeholder Value Analysis Toolkit
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3. T he  Pa r a s  M o d e l^
The Paras model for the financial evaluation of environmental investments was 
developed within the Intelligent Manufacturing Programme, an international 
programme initiated by Japan’s Ministry of Trade and Industry (MITI).
Its developer. Paras Ltd, had two tasks:
1. Analyse medium and long-term development needs in process technologies to 
achieve cleaner production.
2. Develop a tool to evaluate the financial repercussions of adopting ‘clean’ 
technologies.
The second task led to the development of the Paras financial model, the principal 
features of which are described below. For a detailed description of the methodology 
refer to Moilanen and Martin (1996/.
3.1 M o d u l a r  A ppr o a c h
Conceptually, the Paras financial model uses a modular structure. Each module is 
defined within this context as an operational area in a company within which 
investments can directly be made or where investments can have an impact. Figure 2 
illustrates the structure of the model, the modules defined by it and their 
interdependencies. Working within this structure, the Paras model provides a 
framework for investment analysis which supports the identification of significant cost 
and revenue parameters across the full spectrum of the business. Indeed it very quickly 
became evident during the development of the Paras model that environmental 
investments mostly need to be seen in their full strategic context in order to compete 
with other investments for funding.
To illustrate the ‘module’ concept, let us take an investment in a new product design as 
an example. It would be wrong to assume that the impacts of such an investment stop at 
the boundaries of the design module. Firstly, a product may need to be researched and 
developed within the R&D function. Secondly, the new product may require different 
manufacturing processes and/or materials. Thirdly, the product needs to be sold and this 
may require additional marketing effort. Last but not least, consideration must be taken 
of the impact the new product could have on the company’s external and internal 
image.
 ^The Paras model was developed by the researcher’s industrial sponsor Paras Ltd. and formed the initial 
starting point for this research. This research has therefore not changed the model itself but by including it 
within the SVA toolkit has altered the way the Paras model can be used. Examples o f this are developed 
within Section 8 of this document.
 ^The Paras model is also discussed in Part I, page 4 and Part V, Papers 2 and 3.
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Figure 2 Structure of the Paras Financial model (after Moilanen & Martin (1996)). 
3.2 H o l ist ic  A ppr o a c h
The Paras model actively encourages and supports the quantification of those costs and 
benefits not typically included within traditional investment appraisal methods, for 
example the financial implications of environmental liabilities. In the case of 
environmental investments these implications can have a considerable influence on the 
financial consequences of a project. Below are listed some of the costs and benefits 
whose identification and to varying degrees quantification is supported within the Paras 
financial model;
• Hidden Costs: These include costs of training, accreditation, monitoring and 
reporting.
• Liability Costs: Examples are future clean up bills and compensation claims, 
which will follow any company with poor environmental performance. 
Experience with the Comprehensive Environmental Response, Compensation and 
Liability act 1980 (CERCLA) or 'Superfund' as it is more widely known in the 
USA has shown that clean up costs can in a worst case amount to over $100 
million (Gordon and Westendorf, 1989; Pruett 1990).
• Insurance Costs: Insurance companies are increasingly judging companies 
through environmental audits and setting their premiums in relation to their 
environmental performance. In this respect the Association of British Insurers 
(ABI) in an article to their members stated “ the level of premium paid will
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depend upon the standard achieved, thus proving a direct incentive for achieving 
high environmental standards” (ABI, 1992).
• Financing Costs; The financial institutions are becoming more sensitive to 
environmental issues preferring to deal favourably with companies that 
demonstrate good environmental performance. In the UK, NatWest Corporate 
Banking Services have recently launched an Environmental Lending Initiative. 
The initiative’s underlying concept is that companies able to demonstrate positive 
environmental performance from an investment can benefit from a discounted 
loan rate and a 50% reduction in the loan arrangement fee (NatWest 1997).
Environmental Cost; Improved environmental performance can reduce 
environmental risk and hence the associated costs of an environmental accident.
• Public Image : The way the company is seen to perform environmentally can 
influence its public image and its relations with its stakeholders. Most companies 
believe that a good corporate image is essential for their success. In fact, in a 
survey in Germany, 82% of companies interviewed stated that a good or 
improving environmental performance image would positively complement their 
overall corporate image (Umweltbundesamt, 1991).
3.3 R is k  Ev a l u a t io n
Traditional investment analysis techniques (e.g. Net Present Value and Internal Rate of 
Return^) do not allow risk to be individually assigned to the cost and benefit streams in 
an investment appraisal. This has led to misuse of the models through the use of various 
contingencies and abnormally high discount rates. For example, if the discount rate is 
raised to counter worries concerning environmental liabilities, this risk increment is 
wrongly assigned to all the parameters of the analysis. The recommended technique is 
to calculate the Expected Monetary Value (EMV) of the project, which is the technique 
adopted in the Paras financial model. In order to derive the EMV for a particular 
parameter the following need to be defined:
• The possible values for the variable parameters in a scenario.
• Their relative likelihood of occurrence (expressed as probabilities summing to one).
The EMV is then calculated as the summed product of these values and probabilities. 
Each EMV value can be discounted in the normal way to give a risk weighted Internal 
Rate of Return (IRR) or Net Present Value (NPV).
In the case of an environmentally driven investment, the EMV approach is particularly 
effective since some parameters have high discounted cash flow effects but their 
probability of occurrence is low. For example, whilst an investment may carry with it 
the potential for an environmental liability (in the US this would be enforced by 
Superfund legislation), the probability of occurrence is often a function of the 
technology employed, and a critical factor for option differentiation. Although EMV’s
 ^The Paras model suggests that decision makers should monetarise the added value o f improved ‘public 
image’, although it does not offer any accepted technique for doing this. The SVA Toolkit’s MADE model 
is an alternative methodology to incorporate non-financial values in the decision process.
* See Part I for detailed definition of these methods.
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are a useful technique for measuring and managing investment risk, the technique 
which relies on input of probabilities does not explicitly help decision makers quantify 
the uncertainty of a decision.
3.4 V a lu e  C h a in  In t e g r a t io n
The Paras financial model has been designed to measure not only the values occurring 
‘across the company’ but also those occurring along the full ‘value chain’ To illustrate 
this we can look at an example set within the product design module (refer to Figure 2). 
Here, as with Design for the Environment (DfE), the model would guide the decision 
team into considering the recyclability of a design, since this can have a direct cost 
implication on the company if further down the value chain the product is subject to 
‘take back’ legislation. Clearly investment options that allow for recyclability and reuse 
will incur lesser costs on the company than those that do not share these characteristics.
4. T h e  M ulti At t r ib u t e  D ec isio n  E n v ir o n m e n t  M o d e l
The Multi Attribute Decision Environment^^ (MADE) model provides a framework to 
capture and process stakeholder wide views, opinion and knowledge on a decision. 
Using a multi attribute decision methodology, the financial and non-financial multi­
variate metrics are combined to produce output performance indicators which can 
usefully be employed by decision makers to assess the stakeholder wide implications of 
possible decision options, and also to assess the implications of the decision on the 
decision owners’ longer term strategic objectives. The steps following by the MADE 
model are illustrated in Figure 3 below and detailed in the subsequent sections.
Multi Attribute 
Decision Environment 
MADE
Stakdiolder
Identification
Option Scoring 
Model
Option 
Analysis and Ranking
Value Tree 
Design
Preference Elicitation and 
Cluster Model
Figure 3 Multi Attribute Decision Environment Flow Scheme
 ^The value chain describes the value of a material as it moves along its life cycle.
The MADE model has been developed through applications o f this research on real decision problems 
(See Parts IV and VII of this portfolio). Specific components of the MADE model are based on published 
methodologies and these are acknowledged as appropriate.
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4.1 St a k e h o l d e r  Id e n t ific a t io n
This step involves identifying the relevant stakeholders of the decision. This is not as 
straightforward as it seems since in trying to define the ‘relevant’ stakeholders the 
following challenges need to be resolved:
1. Resolution: How to define a stakeholder group and which groups to include in the 
study.
2. Representation: Who should be chosen to represent a group.
The first challenge revolves around stakeholder resolution or how tightly to define 
stakeholders groups and which ones to include in the study. There are obviously trade­
offs between defining a large number of groups, the financial costs of the exercise and 
the manageability of the exercise. A common list of stakeholders includes employees, 
local communities, shareholders, pressure groups, regulators, insurers, investors, media 
and customers
A practical and workable approach to the problem of resolution identified by this 
research is to start by defining a set of broad generic ‘stakeholder groups’. For example, 
this could be as simple and broad as internal and external stakeholders. The next step is 
to break down these broad groups into their common denominators which may include 
a number of intermediate steps. So for example, if one wished to define an 
environmental strategy for the University of Surrey, internal stakeholders could initially 
be defined as employees and students. In trying to identify the ‘common denominators’ 
for these broad groups it is also useful to consider:
1. The basic decision alternatives since these will help to limit the scope of potential 
stakeholders. For example, if all the decision alternatives have ‘local effects’ then 
it is probably reasonable to focus on stakeholder groups who can affect or be 
affected by the decision in the locality.
2. The various life cycle stages of the alternatives, since each of these stages can be 
used to help identify who may be affected and therefore help ensure stakeholders 
are not unnecessarily excluded
3. Similar decisions in the past since these can help identify who was actually 
affected or voiced an opinion. For example, if the University wanted to gain 
planning permission, for say a new building, it is useful to review who may have 
contacted the University or local authority during similar applications in the past.
Clearly at this stage the groups identified may still be rather heterogeneous. It helps 
therefore to try and break down the groups until largely homogenous groups have been 
identified. Taking the University of Surrey example again, ‘Students’ could be 
represented through postgraduates and undergraduates. However, the process does not 
necessarily end here, since undergraduates could be further broken down into their 
respective departments and then further by their age, gender etc.
“ See for example, Sustainability/UNEP (1996)
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The second challenge is one of representation - how to represent a stakeholder group. 
Clearly the more homogeneous and the smaller the group the easier it is to represent. 
The ideal approach is to identify individuals from a ‘stakeholder group’ who through 
their position and level of responsibility can be considered to represent the views of the 
group. For example, this might be elected representatives (eg. local councillors, MPs, 
Trades Union representatives) or senior managers. The alternative is to engage a 
representative sample of a group which can become quite large, unmanageable, time- 
consuming and costly. Depending on the resolution of a group it may be necessary to 
identify more than one individual or representative. For example, to include the local 
community it may be sensible to consider the views of the local MP, local councillors, 
the Mayor and a representative or random sample of local residents, depending on the 
context of the decision to be made^ .^
It is important to recognise that because of the complexity and uniqueness of each 
decision there are really no rigid rules on the right or wrong stakeholder groups to 
include during the stakeholder identification process. Therefore whilst it is probably 
desirable to limit the number of identified groups and representative individuals firom a 
logistic and practical view point, this aim has to be reconciled with the very real danger 
of isolating and/or not accurately representing a potent and influential group. The 
breadth, types and number of stakeholders to include is therefore very much context 
driven.
The foregoing discussion also brings about the question of the legitimacy of stakeholder 
identification and representation. Fortunately the identification and representation 
process has an inherent ‘feedback loop’ to help minimise the possibility of stakeholder 
misrepresentation or exclusion - the stakeholders themselves. Clearly the whole SVA 
process hinges on their co-operation; therefore they have the opportunity to identify and 
ask for other stakeholders to be included in the process, since a failure to comply may 
result in withdrawal of co-operation and consequent curtailment of the process. How 
successful this is in all cases could not be ascertained, and maybe the subject of future 
research, however this research has found that such drastic measures have not been 
needed. Consequently throughout the research’s practical applications (see Parts IV and 
Vn) it has always been possible to expand the stakeholder set on the basis of 
suggestions and requests made by the originally identified stakeholders. In other words, 
Wiilst the stakeholder identification process was initially prescriptive, the final 
identification was reflexive - was driven by the stakeholders themselves.
Taken as a whole the guidance and discussion offered above underlines the importance 
of this step of the process. In the case of the research’s ‘test case’ applications (See 
Parts IV and VH) stakeholder identification and representation has not been a limiting 
factor, nevertheless it forms a part of the recommendations for future research (see the 
Overarching Document).
The extent to which stakeholder selection affects the SVA Toolkit outcome is not certain and was 
outside the scope o f the research. However, it is suggested that this be evaluated in future research efforts.
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4.2 Va l u e  T r ee  D esig n
The next step in the process involves finding out what particular performance attributes 
of the decision are important to the stakeholder and therefore more closely define and 
structure their relationship to the overall aims of the stakeholder, the context of the 
decision and the available decision alternatives.
The MADE methodology includes a generic questionnaire^^ to use on a one-to-one 
basis with the leading stakeholder representatives. For each of the applications 
discussed in the portfolio (see Parts IV and VQ) the approach has remained relatively 
stable apart from slight tailoring of the questionnaire. The line of questions followed by 
the questionnaire aim to:
1. Establish the role of the stakeholder in the decision, i.e. how they feel they can 
influence the decision and how the decision could affect them.
2. Identify what the stakeholder feels should be the overriding aim for the decision 
from their own perspective, and also what they feel is the decision owner’s overall 
aim for the decision.
3. Identify what the stakeholder considers are the performance attributes which 
should be used to drive the decision. It has been found usefid to offer the example 
of how individuals typically judge cars, i.e. by cost, performance, style, size etc.
4. Revisit the performance attributes identified and if these fall into a broad category 
ask the stakeholder to think about contributory sub-attributes. For example, if 
environmental performance is mentioned the next question is “what type of 
environmental performance?”
5. Identify what the stakeholder feels are possible benefits and costs from the 
decision.
6. Identify what the stakeholder feels are the minimum acceptable levels of 
performance against the identified performance attributes.
7. Finally if there is time, work together with the stakeholder to design a skeletal 
value tree based on the interview responses.
It is important not to lead or prompt the stakeholder. This research has found it best 
practice not to offer any suggestions for the likely performance attributes within the 
questionnaire and leave this task solely up to the stakeholder.
Following directly from the interviews the analyst can, for each separate interview, 
structure the defined performance attributes into a hierarchy or what is referred to here 
as a ‘value tree’ A value tree's hierarchical levels follow directly from definition of an 
overall aim for the project at the top (termed the top level aim), to performance 
attributes that contribute to achieving the top level aim, to third level sub attributes 
(which jointly contribute the second level attributes directly above) and so forth. The 
process starts at the more general (and sometimes uncertain) and moves towards the
For examples refer to Test Case reports in Parts IV and VII.
The value tree is created from the articulated performance or value attributes important to the decision’s 
stakeholders and does not refer to a stakeholder’s deeper values.
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more particular and concrete. The aim is to reach a level of detail at the bottom of the 
tree so that different decision alternatives can be directly measured against the bottom 
level attributes. Figure 4 shows an example value tree which could be used for buying a
car.
Decision 
Aim
Performance Price 
Attribute
Decision
Alternatives
/i\
A B C
Choose a car
/ \
Reliability Brand Top Speed
/ i \  / i \  / i \
A B C  A B C  A B C
Figure 4 Example Value Tree
All elicitations of a stakeholder’s value tree must initially be tentative and confidential 
and should as a matter of course pass through an iterative process involving the 
stakeholder until they are happy with its content^^.
The final step is to generate a stakeholder wide value tree. This can be an intellectually 
challenging process, since firstly the tree could end up very large and secondly to avoid 
redundancy it will be necessary to merge certain stakeholder ‘branches’ which overlap 
one another to a common yet equally acceptable representative definition.
The goal, which this work has found to be attainable, is to obtain a structure that from 
each stakeholder’s perspective contains, as a subset, the performance attributes that are 
important to the group. Likewise from an operational view, Keeney suggests that the 
decision analyst should ensure that the set of attributes (branches) are complete, 
operational, decomposable, non-redundant and minimal” (1976). As such they should 
effectively provide a ‘road map’ to help the decision makers and stakeholders visualise 
and conceptualise the decision.
4 J  E l ic it a t io n  AND C l u st e w n g  OF P r e fe r e n c e s
Preferences or weights provide the mechanism by which it is possible to reflect the 
different priorities of stakeholders. The basic premise is that important attributes in the 
value tree receive high weights, while unimportant attributes get low weights. 
Therefore, provided different stakeholders recognise the same attributes, it is possible 
for them to agree on a common tree even though their preferences are different, since 
the preferences can be represented through their own weighting of the branches.
Whilst stakeholder-specific weights offer an elegant method to represent each 
stakeholder’s value tree, there are obvious difficulties with this approach. Firstly given a 
large number of performance attributes, it can be a complex and bewildering task to try 
simultaneously to assign actual numerical weights to all the performance attributes
15 Test Case 7/1, Part VII offers a good example of this procedure.
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shown in the value tree. Secondly, averaging of the weights defined by different 
stakeholders can seriously degrade the value of the analysis.
For example, if one stakeholder group assigns a very high weight (95%) and another a 
very low weight (5%) to a performance attribute, the average of these two weights, 
50%, is not necessary representative for either or both stakeholder groups. The SVA 
model employs two separate methodologies to deal with these challenges.
Pairwise Comparison Model for Preference and Consistency Definition
The methodology used to support this task is based on the pairwise comparison 
technique (or Eigenvector approach) developed by Saaty (1980). The SVA model has 
drawn on Saaty’s pairwise method because it offers an intuitive, simple and appealing 
method for eliciting the preferences (weights) stakeholders place on the branches 
(performance attributes) in a value tree. The principle advantage of the pairwise 
comparison method over other weighting techniques is that it allows users to 
methodically and systematically determine their w ei^ts for a value tree’s performance 
attributes simply by comparing pairs of attributes one at a time^ .^
For example, if the weights of four attributes. A, B, C, and D are sought, then rather 
than asking the stakeholder to distribute 100% across the four attributes (known as 
direct weighting), the stakeholder is asked to compare the attributes one pair at a time. 
The type of questions asked of the stakeholder are therefore:
With respect to the goal o f the decision and using the scale in Table 1 below, how 
important is;
A versus B, A versus C, A versus D,
B versus C, B versus D, and 
C versus D.
Numerical Values Definition
1 Equally important or preferred
3 Slightly more important or preferred
5 Strongly more important or preferred
7 Very strongly more important or preferred
9 ExQemely more important or preferred
2,4,6,8 Intermediate values to reflect compromise
Table 1 Saaty’s Preference Scale
More formally, assuming n performance attributes, the stakeholder is asked to make 
n{{n-\)l2) pairwise decisions (aÿ). These decisions can be used to construct a « by « 
matrix, since aij=l/aji, and a,j = 1 when i=j. The eigenvector of this matrix approximates 
the decision m ^ers weights.
Saaty (1980) explains the mathematical foundations for the eigenvector in detail. 
Possibly the best way to understand the eigenvector is to imagine it as “aw averaging o f  
all the possible ways o f thinking about a set o f  alternatives^'' (Marker, pl6, 1989). The
16 The detailed reasoning behind the choice of this specific method is provided in Part II o f the portfolio
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‘way of thinking’ are of course the pairwise comparisons so the eigenvector is therefore 
calculating an average of these decisions.
Another strength of the eigenvector calculation is that it is able to enumerate a 
stakeholder’s consistency. In this case, consistency is measured through how closely a 
stakeholder has followed the rules of perfect transitivity. For example, if A is twice as 
important as B and B is equally important as C, then perfect consistency would imply A 
is twice as important as C. The eigenvector calculation allows you not only to check for 
internal consistency but also to identify those pairwise decisions which are inconsistent. 
The stakeholder can then choose whether they want to change their mind or stick with 
their original decisions. The eigenvector calculation does not enforce transitivity, it only 
warns you if you are not consistent.
Apart from its theoretical benefits this method has also been found to be relatively 
simple to use, which is an essential ingredient if the weights of lay persons are sought. 
A worked example is detailed below to better illustrate this technique.
Worked Example
The Boundaries
Aim: Buy a car
Attributes: Price, Reliability, Brand, and Top Speed
No comparisons; (4*3)/2 = 6
The Process
The research has developed special input forms to record the pairwise decisions. This 
was necessary since the research aims to integrate the preferences of stakeholders in the 
decision process, and many of them tend not to be familiar with formal weighting 
techniques. Figure 5 shows the six forms required for this example together with some 
possible pairwise decisions (marked by an ‘X’). The idea behind the forms is that they 
are simple to understand and graphic at the same time.
To fill in the forms the stakeholder must first decide which of the performance 
attributes is more important. If the performance attributes are equal in importance then 
an ‘X’ is placed in the centre. If the performance attribute on the left is felt more 
important, then the stakeholder can place an X’ anywhere on the left hand side, either 
directly on the market number, or between them in which case the intermediate value is 
used in the eigenvector calculations. In this case therefore. Figure 5 shows that the first 
pairwise decision indicates that the stakeholder thinks that price is “strongly more 
important” than reliability in terms of choosing a car.
To process this pairwise data the research has developed a spreadsheet model. The 
output from the pairwise decisions (see Figure 5) is input into the spreadsheet model 
which then calculates (using Saaty’s eigenvector formula) the weights for the 
performance attributes and a consistency ratio. The output, for this example is shown 
here as Figure 6.
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CRITERIA WEIGHTS
Price 0.65
Brand 0.19
Reliability 0.09
Top Speed 0.07
CONSISTENCY CHECK
CONSISTENCY RATIO 
MAX RECOMMENDED 
CONSISTENCY
0.04
0.1
OK
Weight Distribution
0.70 1
0.60
0.50
0.40
0.30
0.20
0.10
0.00
•O Q. (D 
O <D I- ,9-
Figure 6 Output
The approach commonly used by this research has involved using a laptop computer to 
input the pairwise decisions of the stakeholder in real time. It is then not only possible 
to show the stakeholder their weights and confirm these with them but if the 
consistency ratio is found to be unacceptable (higher than 0.1) the spreadsheet model 
includes a function to identify the most inconsistent decisions. For example, if the 
stakeholder indicated they strongly preferred price to reliability, and strongly preferred 
price to brand, this indicates that brand and reliability are roughly equal in importance. 
If this is not the case then the model v^ ill indicate this contradiction. The idea is that the 
stakeholder is made aware of any inconsistencies and can choose whether they wish to 
amend these and also check how the changes affect the final weights
Stakeholder Cluster Method
The underlying basis for the cluster model is that it is possible to find groups or 
‘clusters’ of stakeholders who share broadly similar preferences or in more technical 
terms a low deviation in their weights data. The idea therefore is to try to classify 
stakeholders by their preferred performance attributes, but without compromising their 
individuality. Different techniques exist for achieving this, but probably the most 
efficient method is to invite stakeholders to a group meeting or seminar. Figure 7 
illustrates a simple but effective method for helping to define stakeholder clusters.
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Step 1: Screenings Carry out a remote preliminary screening exercise to determine the 
basic issue rankings (not explicit weights) for the various stakeholders. This should help 
the organisers to identify ‘working groups’ of stakeholders with predominantly similar 
preferences.
Step 2: Weights Analysis. Invite stakeholders to a seminar and assign them to working 
groups on the basis of the screening exercise. Working within their groups, stakeholders 
can be led through the pairwise comparison method either individually or as group to 
elicit issue weights. Since the calculation is relatively simple results can be fed directly 
back to the stakeholder.
Step 3: Cluster Analysis and Definition. For each ‘working group’ the weight results 
of the stakeholders can be presented back to the group. This can either be a collective 
result for the group (if the pairwise decisions were made as a group) or an average 
calculated from individual weights. If individual weights have been used, stakeholders 
can compare their own weights to the average group weights and use this as a basis to 
discuss and agree on representative weights for the group.
Figure? Cluster Methodology
Although the process shown in Figure 7 may sound confrontational, in practice the 
research has found that group members generally find that the process leads to a fair 
and just representation of their weights. Indeed die process is supposed to be flexible 
and there is no reason why stakeholders cannot transfer themselves between the 
‘working groups’ during the process.
4.4 O p t io n  Sc o r in g
This step in the process involves scoring the performance of each option (alternative) 
against each of the performance attributes immediate above them in the value tree. This 
step of the process is generally much less controversial than the judgements required in 
the weighting process. In fact if the value tree has been carefully designed, the 
performance attributes being scored should be well suited to quantitative objective 
scoring of options by suitably qualified experts.
The MADE model uses an interval scale ‘word’ model technique. A ‘word’ model uses 
an absolute scoring system, which is calibrated against word descriptions to ensure 
consistency. Figure 8 shows an example of a word model. This model - which was 
designed for one of the industrial test cases (see Part IV, report 4/1), can be used to 
score waste management contractors in terms of their recycling capabilities.
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Attribute: Proportion Recycled
Suggested Performance Measurement Tool: Contractor performance data
Metric: Percent of waste recycled by contractor
Word description Score Guide
Waste industry best recycling performance 100 > 80% recycled
Waste industry above average recycling performance 75 65% recycled
Waste industry average recycling performance 50 50% recycled
Waste industry below average recycling performance 25 35% recycled
Waste industry worst recycling performance 0 < 20% recycled
Figures Example Word Model
This method, which is normally described as ‘direct rating’ is the simplest of all the 
possible methods for scoring. Although it may not quite match some of the more 
sophisticated methods for accuracy - for example the certainty equivalent method (see 
Winterfeldt and Edwards, 1986 ) - it does offer real advantages in terms of simplicity 
and transparency. The results are easy to apply and understand which is not necessarily 
the case with more sophisticated methods. Furthermore using direct rating means that 
results obtained throu^ the MADE model can not suffer from rank reversal (see Belton 
and Gear, 1982
4.5 O ptio n  An a l y sis  AND R a n k in g
This stage of the analysis involves the calculation of a ‘total value’ index for each 
option being assessed by the analysis. Calculated cumulative scores (ranging between 
100 and 0) at the top level of the value tree are representative of each option’s 
performance in meeting the top level aim for the decision. A Simple Additive 
Weighting (SAW) model is used to calculate the option’s index score. This simply 
involves the summing of the products of the scores and weightings for each 
performance attribute and repeating this for each decision option. In mathematical 
terms, this simple linear additive operation may be represented through Eq. 1;
n  =  I
c
where q is the multi-attribute performance index score of option i under a set of 
performance attributes, Sic is the performance score^  ^ of option i under performance 
attribute c and Wc is the importance weighting^^ of performance attribute c. This process 
can be repeated using weights specified by each stakeholder cluster to determine 
stakeholder specific option rankings.
Clearly this analysis produces a plethora of metrics. However they are all linked by a 
common theme - their relationship within the stakeholder-wide value tree.
Refer to Part II of the portfolio for more in depth discussion of these factors. 
In this case specified through a ‘word model’, see section 4.4 
In this case specified through pairwise comparisons, see section 4.3.
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Consequently this provides a decision team with numerous possibilities for analysing 
the performance data, with the ultimate aim of reaching a decision which best meets the 
multi-performance attribute preferences of the stakeholders of the decision.
At this stage it is useful to check the robustness of the ranking through a sensitivity 
analysis, which can determine any sensitivities in option ranking to weights and or 
performance scores.
5. C o n jo in t  A nalysis ®^
Conjoint analysis is a market research tool which can be used to measure the relative 
importance of a product’s attributes to consumers; for example, the relative importance 
of a product’s brand versus its price. It is not a direct decision making tool, but an 
indirect one - it produces outputs suitable for further analysis in the other Toolkit 
models.
In practice, conjoint analysis relies on the ability of respondents to make judgements 
about stimuli. The stimuli represent some predetermined combinations of attributes, 
and respondents are asked to make judgements about their preference for the various 
combinations of attributes. The basic aim is to determine the features respondents 
prefer. Respondents might use, for example, attributes such as miles per gallon, seating 
capacity, price, length of warranty, etc., to make judgements about which car they 
prefer most. Yet, if asked to do so directly, many respondents might find it very difficult 
to state which attributes they are using and how they combine them to form overall 
judgements.
Conjoint analysis attempts to handle this problem by estimating how much each 
attribute is valued on the basis of the choices respondents make along product concepts 
in a systematic way. In practice conjoint analysis typically works by defining a set of 
‘experiment cards’ each of which describes the product in question using the attributes 
under study. Each card differs slightly since different performance levels are used to 
specify the performance attributes. For example, a conjoint experiment of cars could 
include the following cards;
Attribute Card 1 Card2 Card n
Price
Colour
MPG
Warranty
£10,000
Blue
30
lyr
£12000
Black
45
3yrs
A
B
C
D
where A,B,C,D can take any reasonable attribute value.
The consumer is then asked to rank these cards in order of preference, from the car they 
would most likely buy to the car they would least likely buy. Obviously there is a finite 
number of cards an individual can order so most conjoint experiments try to limit the 
number of cards to less than 20, using for example special factoring techniques.
20 Test case 4/2 in Part IV describes a practical application of conjoint analysis.
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The actual process of ranking the cards involves a complicated series of trade-offs 
between attributes and performance levels. Conjoint analysis uses an algorithm, 
normally supported vrithin a software package,to  determine the consumer’s utilities 
for the product’s performance attributes. Because the conjoint method converts 
consumer preferences for different performance attributes to a single variable, utility^ ,^ 
it is possible to quantify the relative importance of these to the consumer. For example, 
although car speed is measured in ‘mph’, car price in ‘£’, and prestige perhaps by 
‘brand name’, the conjoint method will calculate a utility function for each of these 
performance attributes. Since utility is now a common measure across all three of the 
attributes, it is possible to draw conclusions on the relative importance of each to the 
consumer.
6. R e la t io n s h ip  B e tw e e n  C o n jo in t  A n a ly s is  a n d  t h e  MADE 
M o d e l
The output of a conjoint analysis is in many ways similar to the output from a MADE 
analysis. Both methods can be used to dissect and quantify the added value from 
different aspects of a solution; however there are some fundamental differences 
between the two methods. In the case of MADE, the ‘solutions’ are normally decision 
alternatives and the ‘aspects’ the performance attributes which underline the decision, 
whilst conjoint analysis is suitable for analysing alternative (consumer) products and 
their performance attributes, e.g. cost, colour etc. Apart from this difference there is 
another fundamental difference between these two methods which arises both from the 
approach and processes they each follow.
The MADE’s pairwise comparison method uses direct rating to estimate performance 
scores and pairwise comparisons to evaluate the weights for the performance attributes. 
These two steps are separate and distinct. Conjoint analysis on the other hand asks 
respondents to rank cards which describe a product through its performance attributes 
and different performance levels - performance levels and performance attributes are 
not distinguished. This means that the conjoint methodology does not explicitly 
calculate the relative importance placed on a product’s attributes. This is only indirectly 
calculated from the utilities estimated for each performance level. This concept is best 
illustrated by an example, which examines a product (car) described by two attributes 
each with three possible performance levels.
Performance Attribute (1): Speed
Performance Levels/Utilities: lOOmph for which utility =100
80 mph for which utility = 50
60 mph for which utility = 25
Performance Attribute (2) Cost
Performance Levels/Utilities £6,000 for which utility = 200
£8,000 for which utility = 100
£10,000 for which utility = 50
This research has used Bretton Clarke conjoint analysis software to analyse conjoint data.
Utility is an arbitrary unit used by economists to measure consumer satisfaction, pleasure or need 
fulfilment derived from consuming some quantify o f a good.
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The total utility for the ‘speed’ attribute is 175 and the total utility for ‘cost’ is 350. 
Therefore the consumer’s relative importance for speed = 175/ (175+350), and for cost 
= 350/(175+350). MADE considers the scoring (setting utilities for performance levels) 
and weighting stages as distinct and these are therefore carried out separately.
Because the processes of the two methods are different this also means their 
applicability and roles are different. The conjoint methodology is really an indirect 
rather than direct decision support tool and is particularly suited to the analysis of 
consumer goods. The output of a conjoint analysis produces absolute utility levels for 
specific attribute performance levels. This means that it is possible to perform market 
share modelling on hypothetical product specifications and to judge the cost benefits of 
specific product specifications. For example, say a conjoint experiment indicates 
consumer’s utility increases by 10 for eveiy £100 drop in price and increases by 12 by 
adding an environmental feature. In this scenario the analysis suggests that it is worth 
adding the environmental feature (i.e. it adds to the consumers utility) if it does not 
increase product price by more than £100.
However, whilst conjoint analysis is very useful in a consumer product context it is not 
as versatile as the MADE model, which unlike conjoint analysis splits the weights and 
performance analyses into two stages. In this respect therefore the MADE model 
remains more suited to the problem of modelling investment decisions, where the 
performance attributes’ weights and performance levels can be viewed in isolation. 
Furthermore, the MADE methodology does not restrict the performance attributes and 
levels in the same way as the conjoint method. The conjoint methodology is limited in 
the total number of performance attributes and performance levels it can consider. In 
practical terms - since there is a limit to the number of cards a consumer can be 
expected to rank - it can only be carried out with a product with four or five attributes 
each with no more than three specified performance levels.
7. O pt io n  C rea tio n
For all applications, the SVA Toolkit is based on the premise that information flows can 
and should circulate round the models through feedback loops. It is this iterative 
process which helps to support the option creation stage of the methodology whereby 
the initial list of options can be re-appraised in light of the analysis of stakeholder 
preferences and performance data.
The option creation process step is required because there may not be an option within 
the list originally considered which is acceptable to the stakeholder set. This step in the 
SVA process therefore supports the creation of a new option, possibly based on a 
combination of analysed options. For example option A may be favoured by stakeholder 
group A and option B by stakeholder group B. A new option, C, based on a compromise 
of characteristics taken from options A and B may need to be ‘invented’ to find a 
compromise.
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8. U sin g  t h e  T o o l k it  f o r  R is k  a nd  Stra teg y  M a n a g em en t
Traditionally, the information used in capital investment appraisals to estimate profits 
falls into two categories: quantitative or tangible financial information and qualitative 
or intangible information. Criteria based on tangible information, for example NPV, 
have been developed and widely accepted. However, intangible information poses 
major problems in the decision process. Indeed the intangible element often takes on 
greater significance when a decision has the potential to impact on a decision maker’s 
(be they a company or public organisation) environmental performance and hence on a 
widely disparate group of stakeholders. Consequently the level of uncertainty, or 
possibility that the project will not meet certain decision goals grows in direct relation 
to the importance of the intangible element.
The SVA methodology working through the Paras, MADE and conjoint analysis models 
provides a process to address these uncertainties and consequently to quantify and 
manage the risks. The mechanisms in place include:
• EMV’s which encompass parameter-specific risk estimates rather than a discount
rate premium or hurdle rate to reflect project risk.
• Expanded cost and benefit inventory.
• Explicit measurement of stakeholder expectations and preferences between
project parameters using either the MADE or conjoint methodologies.
Although the Toolkit models have been designed so that they can be used as stand alone 
models, the philosophy behind the SVA methodology is that it is possible to use all 
models during a decision process. The exact method of use is by nature problem- 
specific but in most cases will either involve the models in series, where the outputs of 
one model feed the next, or in parallel where outputs of the models are used 
independently.
A typical example might involve using the Paras model to measure the financial 
performance of investment options in terms of EMV’s. At this stage the decision team 
can consider whether the financial analysis can conclusively differentiate the projects. If 
not (and this is more likely the greater the strategic significance of the investment) the 
financial performance information can be passed to the MADE model. The MADE 
model can then be used to construct a value tree and to define stakeholder preferences 
for the tree’s performance attributes. The financial performance data can then be 
integrated, through the value tree and weights, with the other performance data to 
calculate a stakeholder-wide preference index for each investment option. (Part IV, 
report 4/1, details a test case application which integrates the financial assessment into 
a multi-attribute analysis).
For decisions dependent on consumer preferences, the conjoint methodology is more 
suitable than the MADE method. For example, say a company wishes to launch a new 
range of products incorporating environmental features. In this case the conjoint 
methodology could be used to model consumer preferences for differently specified 
products, say with and without a specific environmental feature. This data can then be 
used to predict the company’s market share for each product specification. Since it is
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fairly simple to translate market share information into financial terms, this data can be 
fed into the Paras model to determine the NPV of possible investment options
Alternatively the MADE model can be used as a preliminary screening tool to reduce 
investment options to a list which meets minimum performance criteria, as set by the 
decision maker’s environmental policy for example. The Paras financial model can 
subsequently be used to dictate the final decision. The process would help ensure the 
projects considered would not undermine strategic performance targets set for the 
organisation. Clearly this is not an exhaustive list of how the tools can be used in 
combination. Part of the decision process is to decide on the objectives of the decision 
and it is this step which will have the greatest influence on how the components of the 
Toolkit are used.
Finally it would be unreasonable to assume that SVA will always help to resolve 
stakeholder conflict and consequently the SVA process does not guarantee stakeholder- 
wide consensus. Nevertheless a process based upon detailed assessment of stakeholder 
preferences followed by an attempt to design options that exploit them by serving 
highly preferred performance attributes of the decision is intuitively an attractive and 
promising approach. At the very least, the process itself will help the decision team and 
stakeholders to identify and focus on the issues of greatest importance. Even if it is 
found there are major discrepancies between the preferences of different clusters or 
groups, identification of the source of the differences may in itself be an important 
contribution towards a more rewarding, responsible and accepted solution.
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I n tr o d u c tio n
This portfolio component collates the public or. non-confidential test case reports and 
summaries. These test cases and the vehicles for describing them are summarised in the 
table below. (Part VII holds the confidential test case report and summary).
Report
No
Company Brief Identifier Vehicle
4/1 BAT Waste Management Decision Report and published article
4/2 HP Conjoint Analysis Published paper and reports
4/3 BAT Biofilter Investment Report
4/4 Xerox EH&S Strategy Development Report
4/5 UOS Strategy Development Report
Please note that due to the continuous process of development followed by this 
research, this portfolio has evolved. Therefore the terminology and to some extent the 
methodology presented in these reports is not always entirely consistent. Furthermore 
since it has been the policy of this research to feedback the test case results to the 
sponsor companies and disseminate the research in the public domain, the produced 
papers and reports have all needed to be standalone documents. Therefore there is an 
element of duplication within the reports collated here.
Each test case is preceded by a concise summary which follows the following format:
• Background: The context of the decision and why it is important and challenging 
to the decision owner.
• Project Objectives: Definition of the objectives and critical success factors for 
the decision owners.
• Highlights: Brief description of the project findings and added value to the 
research and decision owners.
Other supporting documents are referenced on the title page for each test case.
The specific research aims of each test case, the degree to which these where met and 
how the test case has contributed to proving the research’s thesis is discussed in the 
‘Overarching Document’.
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T e s t  C a s e  4/1
C o n ten ts  and  F o rm a t
Report No 4/1
Brief Title Waste Management Investment Decision
Sponsor British American Tobacco (BAT)
Main vehicle: Type 
Title
Detailed report
A Multi Attribute Decision Analysis of Waste Management 
Contractors
Supporting Documents
Portfolio Part:
Main Document Name:
Specific Identifier:
This application has been described in various degrees of 
detail in papers published by the researcher. The most 
contemporary and complete is referenced below.
Part V
Removing the Uncertainty in Environmental Investments: 
Integrating Stakeholder Values into Corporate Decisions 
Paper 1
Su m m ary
Background
British American Tobacco (from here on referred to as BAT) operate a cigarette 
manufacturing plant in Southampton. As part of a strategic decision to out source many 
of the site’s support services, the company wished to choose a waste management 
contractor to service the waste produced at their Southampton site. This contract would 
involve:
Collecting all the site’s waste to a central processing area. 
Sorting the waste into discrete waste streams.
Waste removal to recycling facilities or landfill.
Administering and managing the waste collection and disposal.
BAT wished to choose, from a short list of three tenders, the waste management 
contractor who would maximise the added value to the company. In this respect 
therefore it had a number of preliminary goals driving the investment decisions:
• Minimise the cost per tonne waste managed.
• Minimise the environmental impact of the disposal options and the impact of this
on British American Tobacco policy commitment and image.
• Maximise the operational ability of the contractors.
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Project Objectives
On the basis of BAT’s preliminary objectives it was clear that this decision was being 
driven by multiple and potentially conflicting objectives. The objectives of the project 
were therefore to develop a multi criteria decision framework to support BAT’s 
decision process and help them identify the waste management contractor which 
maximises its value to BAT.
Highlights
This project resulted in the development of the Total Value Analysis (later renamed to 
Stakeholder Value Analysis) approach and Multi Attribute Decision Environment 
(MADE) model. The project was carried out over a 3 week period and involved 
working closely together with a subset of key BAT employees, all of whom had a stake 
in the outcome from the contractor selection decision. This process covered four stages; 
definition and structuring of the stakeholder’s decision criteria into a stakeholder wide 
value tree, definition of stakeholder weights, scoring of the contractors (together with a 
financial appraisal) and finally data analysis to support the identification and 
justification of the contractor which maximises its value to BAT.
The major theme recurring in the feedback from the company was the benefit gained 
through explicitly defining and structuring the decision criteria, and thereby creating a 
framework which linked the decision process with the company’s strategy. More 
specifically the project was found useful since:
• The relative importance of the cost efficiency attribute in meeting the company’s 
overall aim for the project was put firmly into context with other project 
performance attributes. Because of the long term and environmental performance 
consequences of the project, the actual weight calculated for the financial 
performance attribute was not the most significant factor. This could not have been 
foreseen before the study was carried out.
• The MADE analysis helped the BAT decision team to structure their analysis, 
understand their objectives and the project performance attributes which were 
relevant.
• Using the pairwise technique it was possible to determine BAT’s relative priorities 
for the performance attributes in a structured, realistic and auditable fashion.
• The performance scoring process (using word models) produced absolute 
performance values for each contractor which could be compared with one another 
and to industry best practice.
• The results from the MADE model provided quantitative justification on which to 
base the decision, when in fact the preferred contractor, was not the cheapest.
• The output from the MADE model produced auditable documentation, which gave 
clear, concise justification for each step in the analysis suitable for future reference.
Although not certain, it is likely that this project was instrumental in justifying to higher 
management the choice of the higher cost (yet environmentally superior) option as the 
contractor which optimised the total value from the contract.
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1. In t r o d u c t io n
This report details the multi attribute decision analysis of waste management contractors project 
carried out for British American Tobacco by the author as an important contributory element of his 
Engineering Doctorate (EngD) research project.
The research project was initiated following discussions between British American Tobacco and 
the Research Engineer. These were able to conclude that there would be mutual benefits to both 
parties from the research effort. These would take the form of;
British American Tobacco Exposure to a novel decision making methodology which would add
value to British American Tobacco's decision process by taking a 
multi attribute decision approach.
The EngD Research To provide an industrial application upon which to test and validate
the research effort and to show that environmental performance of a 
project is an important element in a company's investment decision.
The objectives of this report are as follows
• To present the aims and objectives for the multi attribute analysis decision carried out for 
British American Tobacco.
• The describe the steps in the multi attribute decision analysis.
• To present the results from the study at each step of the multi attribute analysis.
• To conclude on the study and its significance to British American Tobacco's decision process
and to the EngD research effort.
• To suggest specific areas for future development of the EngD research and the multi attribute 
decision methodology.
2. B r it is h  A m e r ic a n  T o b a c c o 's  D e c is io n  AND St u d y  A im s
British American Tobacco wanted to employ a waste management contractor to service the waste 
produced at their Southampton site. The waste management contract would involve;
Collecting all the site's waste to a central processing area 
Sorting the waste into discrete waste streams 
Waste removal to recycling facilities or landfill 
- Administrating and managing the waste collecting and disposal
On the basis of a tender document issued by British American Tobacco, three proposals for the 
contract had been received. At this stage of the decision analysis British American Tobacco had a 
number of broad criteria against which they wished to judge these proposals.
Cost per tonne waste managed
The environmental impact of the disposal options and the impact of this on British 
American Tobacco policy commitment and image
British American Tobacco
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The operational ability of the contractors
British American Tobacco wished to maximise the value they received from the contract, and this 
therefore implied that they needed to measure the contractors’ performance versus these identified 
criteria (and probably others) and to decide on the relative importance of each criterion.
The EngD research offered British American Tobacco a methodology to support them in these tasks 
and also in structuring and systematising the decision process.
3. T h e  M u l t i A t t r ib u t e  D e c is io n  E n v ir o n m e n t  (M A D E )  
M o d e l
The Multi Attribute Decision Environment (MADE) model, which is being developed through the 
author's EngD research project was used to evaluate the optimum waste management contractor to 
meet British American Tobacco's needs.
The MADE model provides a framework within which a mixture of financial and "non-financial" 
criteria can be defined, ranked and linked to higher level corporate objectives. Figure 1 below 
illustrates the structure of the model and summarises the separate phases of a MADE analysis.
Company Policy Company StrategyStakeholder Expectations
Phase 1
Decision Tree Design
Top Level Aim 
Performance Attributes
Phase 2
Relative Weight Analysis
Phase 3 
Performance Measurement
Multi
Decision 
Environment
Analysis & Sensitivity
Project Total Value Measure
Figure 1 : The Multi Attribute Decision Environment (MADE)
3.1 Phase 1: Decision Tree Design
The first step in the MADE process involved developing a hierarchical decision tree for the waste 
contractor decision problem. The process employed to design the tree involved a series of 7
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interviews with diverse departmental staff from British American Tobacco. The aim of these 
interviews being to define on an individual level what issues were at stake and what particular 
performance attributes were of concern to individuals. Figure 2 shows the company areas that were 
represented in the interviews.
Finance
Director
Contract
Management
Quality
Services
Manager
Plant
Services
Manager
Building
Services
Manager
Technology
Centre
Manager
Environment
Expert
Technical Production Support FinanC' M anagem ent
Figure 2: Interview Coverage
Information gathered through the interviews was used to define the full spectrum of performance 
attributes relevant across the whole company and to establish an overriding top level goal for the 
investment decision.
Figure 3 illustrates the company vride decision tree. Table 1 provides more in depth definitions of 
the branches making up the company wide decision tree. Appendix I contains a copy of the 
questionnaire used.
The advantages of this approach are;
• Through interviewing diverse personnel fi'om the organisation it was possible to obtain a
wider perspective of the driving forces and critical success factors for the decision.
• The decision tree forces a structure on the decision analysis, hence helping decision makers 
understand the principle decision factors and their interrelation.
• The decision tree helps to define qualitative and quantitative criteria to use in measuring a
project’s total value.
• The design of the decision tree defines clear links between the performance attributes of a
project and the company's strategic goals.
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Table 1: Definition of Performance Attributes in Company Wide Hierarchy
No/
Level
Summary
Description
Definition Possible Measures
1 Cost Efficiency Overall cost performance Cost/tonne
Total per annum cost
Fixed management fee
2 Environmental Performance All round environmental performance of waste 
management proposals
2.1 Proportion recycled Percent of total recycled- i.e. not landfilled % recycled, % landfilled
2.2 Segregation Performance Overall ability to segregate waste into separate 
streams and abihty to handle various wastes
Number of waste streams
2.3 Incentive to recycle Abihty and willingness to move towards recycling financial rewards in contract
2.4 Recyeling Creativity Willingness and ability to adopt new and novel 
forms of recycling
Novel suggestions in proposal
2.5 Waste management 
environmental impact
The acceptabihty of recycling proposals in terms of 
the net energy or impact burden
Net energy impact of recycling
3 Operational Performance All round waste management operational 
capability
3.1 Noise Noise created through waste management 
operations
Size and hours of machine op. 
Number and type of lorry.
3.2 Data quality Ability, quahty and willingness to produce 
auditable waste stream data
Audit trail for waste. 
Usefulness of data in terms of 
pursuing waste min. initiatives
3.3 Efficiency of waste removal Operational capabihty and capacity for removing, 
storing and collecting waste
Number and location of bins. 
Frequency of collection
3.4 Business Continuity Ability to cause least disruption to day to day 
factory operations
Staff training 
Implementation plans
3.5 Cleanliness storing and orderliness of waste management. Staff training. Collecting proposals
4 Company Profile All round image of company
4.1 Industry reputation The standing of the company in relation to the 
industry.
Percent market share 
Number employees. Turnover 
Number clients
4.2 Track record Chent feedback
4.3 Credibility The credibility of the company's proposals Client feedback
4.4 Financial standing Long term financial viabihty and stability of the 
company
Past financial performance
4.5 Knowledge of BAT Experience with BAT and the tobacco industry Contracts with BAT/tobacco Ind.
5 Health & Safety All round H&S performance and policy
5.1 Accreditation H&S awards or certification
5.2 H&S Policy H&S policy publicly available
5.3 H&S Procedures/training H&S training procedures in place with regular staff 
training
Manning levels for machines 
Machine procedures
5.4 Past Safety record Levels of H&S incidents Number of accidents 
Time loss incidents
6 Quality Overall company quality capability
6.1 Management commitment Management commitment to quality and continual 
improvement
Policy statement
6.2 Quality systems Adequate and operational quahty systems Accreditation to IS09000, BS5750
6.3 Technology Availabihty of technology to provide quality 
service and evidence of continual investment
7 Environmental Policy 
Commitment
Overall ability to ensure continual conformity to 
BAT commitments and ensure leg. compliance
7.1 Conformity to BAT 
Environmental policy
Ability and willingness for continual improvements 
in line with BAT pohcies
7.2 Own environmental pohcy Company has own environmental policy Published policy
7.3 Environmental accreditation Environmental management systems in place Certified to BS7750
7.4 Legislative Traeking Systems in place to ensure efficient tracking of 
legislation and conformity
Working EMS
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Top Level Aim: Employ a waste management contractor who provides optimal value in terms of waste 
management and environmental practice and thus ensure future business continuity and legislative compliance
1. Cost Efficiency
2. Environmental Performanee
3. Operational Performance
<---- 14. Company Profile
5. Health & Safety Performance
6. Quality
7. Policy Commitment
2.1 Proportion Recycled
<— 2.2 Segregation Performance/Diversity
4— 2.3 Incentives for recycling
2.4 Recycling creativity
<— 2.5 Waste management environmental impact
3.1 Noise - On and Off site
—^ 3.2 Data quality
4— 3.3 Efficiency of waste removal
4— 3.4 Business Continuity
4— 3.5 Cleanliness
4.1 Industry reputation
4— 4.2 Past Track record
4— 4.3 Credibility/Trustworthiness
4— 4.4 Financial Standing
4— 4.5 Knowledge of British American Tobacco/Tobacco industry
5.1 Accreditation
4— 5.2 H&S Pohcy
4— 5.3 H&S Procedures/Training
4— 5.4 Past Safety Record
6.1 Management Commitment
4— 6.2 Operational and Adequate quahty systems
4— 6.3 Technology
7.1 Abihty to conform with British American Tobacco Pohcy
7.2 Own Environmental Pohcy
4— 7.3 Environmental performance accreditation
7.4 Systems and abihty to track legislation and ensure conformity
Figure 3; Company Wide Decision Hierarchy
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3.2 Phase 2: Weight Analysis 
3.2J  Theory
The second phase of the MADE model involves defining the priority weights for the decision 
hierarchy branches. The methodology used to support this task is based on a pairwise comparison 
technique.
The advantage of the pairwise comparison method over other ranking techniques is that it allows 
decision makers to methodically and systematically determine their weights for the decision tree 
performance attributes and at the same time is relatively simple to use.
Although the pairwise comparison technique requires a greater number of distinct decisions, 
compared for example with just assigning weights to the criteria in one go, each pairwise 
judgement is simpler in nature because only two factors need to be considered at one time. The net 
effect is to break down a complex exercise into smaller simpler steps which are easier to make and 
therefore arguably a lesser burden on the decision maker.
An important element of this method is that it is possible to calculate a consistency ratio to 
determine how consistent a decision maker has been. For example, if a decision maker prefers "A" 
to "B” and "B" to "C", then logically they should prefer "A" to "C". A matrix's consistency ratio is a 
measure of how closely a decision maker has kept to this type of logical ranking.
The consistency ratio is calculated by comparing the consistency of the input matrix to the 
consistency of a randomly generated matrix. The ratio of the two is a measure of how far away the 
decision maker has been from the results expected from a randomly generated matrix. Hence a 
value of 0.1, which is considered the upper bound for consistamt input, equates to a 10% 
probability that the decision maker filled in the matrix totally at random.
3.2.2 Analysis and Results
The weights analysis was done on an individual and group basis. The process used involved making 
learned judgements on the preference between pairs of attributes and then applying a calculation 
procedure to the data to determine the relative weights and the consistency of the judgements made 
by the decision maker(s).
The company personnel who were involved in the interviews and therefore contributed to the 
design of the decision hierarchy were issued with instructions (See Appendix II) on how to carry 
out the pairwise exercise and given input sheets to enter their judgement scores. The pairwise 
exercise was also carried out with the individuals acting together as a group and hence the matrices 
were filled in with the group's consensus view on the relative pairwise priorities.
The full results of both these analyses are included in Appendix IV. They take the following 
format.
1. Relative weights calculated for each individual with a consistency ratio for each matrix. 
(Consistency Ratio > 0 1  indicates significant inconsistency in pairwise judgements)
2. Relative weights calculated for the group pairwise comparison exercise with consistency ratio 
for each matrix.
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3. Summary results for all individuals and for the group. An average set of weights is calculated 
based on the individual results and this is shown alongside the group result.
Figure 4 shows the average weights results calculated for all the individuals and also for the group.
Weights for Group and Average for Individuals □  Group 
m Average
0»
I
25.0%
20.0%
15.0%
10.0%
5.0%
0 .0 %  -r
Figure 4; Average Weights for Individuals and for the Group.
3.2.3 Discussion
Reference to the individual results contained in Appendix IV shows that there are quite marked 
differences in relative preference for attributes between individuals. Feedback after the exercise 
showed that these differences were mostly being caused because individuals had gained a different 
understanding of the attributes they were comparing, and hence were effectively comparing 
different sets of attributes.
In this case therefore it did not seem representative to average the individual results to find a 
company view of the weights. The weights calculated for the group were therefore concluded as 
being the most appropriate measure. In fact the group found it useful to discuss the attributes and 
their context and felt that the pairwise judgements as a result were a fair representation of the 
group's views.
British American Tobacco 8 EngD/Paras
MADE Analysis of Waste Contractors ______    ■  July 1996
The level of pairwise consistency varied between individuals. In general individuals showed 
inconsistent pairwise decisions in 3/4 matrices out of 7. The pattern evident was that individuals 
improved their matrix consistency with each matrix they completed, suggesting that a learning 
curve was being followed.
In comparison the consistency ratio for the group matrices were all within a reasonable tolerance, 
indicating either that the group environment helped to focus the decision makers into making more 
consistent pairwise preferences or that the group members had learned from the previous individual 
exercise.
3.3 Phase 3: Performance Analysis
3.3.1 Theory
This phase of the decision analysis involves measuring each contractor's performance against the 
attributes defined in the company wide decision tree (see Figure 2). The tools used to perform the 
measurement will depend critically on what attribute is being scored, however it was clear from the 
outset that a mixture of qualitative and quantitative techniques would be required.
In order to provide an interface for differing performance measurement tools the MADE model 
uses a "word" model. The "word " model is based on an absolute scoring system which means that 
it is possible to generate ratio scaled scores for each investment option. This therefore implies that 
the scores will have an upper and lower bound and can be directly compared with one another and 
to benchmark settings defined for the boundary scores.
3.3.2 Analysis and Results
A  "word" model was designed specifically for the scoring of the three contractors and this is 
included as Appendix in.
This approach was used to maintain consistency but also to add context to the performance 
appraisal. Because the maximum score is always awarded to the "Best in Industry" and the lowest to 
the "Worst in Industry" calculated scores at each level of the decision tree have a clear and 
meaningful context.
The scoring was carried out as a group exercise. Members of the group were the same as those at 
the interview stage except for two additional members, both of whom were members of British 
American Tobacco's environmental committee.
Scoring was based on analysis of a combination of quantitative data contained in the proposals (for 
example, a financial appraisal was performed to calculate the cost/tonne disposed for each 
contractor's bid) and on the group’s experience of the contractors based on personal contact and 
visits to sites already under management by the bidding contractors.
The results of the group session are summarised in Table 2 below.
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Contractor Name
Conformity BAT Env Policy 
Own Env. Policy 
Environmental Accreditation 
Legislation Tracking
Score maximum value 100
Company A Company B Company C
Cost Efficiency 70 30
Proportion Recycled 
Segregation Performance 
Incentives for Recycling 
Recycling Creativity 
Waste Man. Env impact
75 100 50
70 70 70
100 75 75
80 50 50
70 70 70
Noise
Data Quality 
Efficiency of Removal 
Business Continuity 
Cleanliness
50 50 50
80 60 70
60 80 70
50 25
50 50
Industry reputation 
Track record 
Credibility 
Financial Standing 
Knowledge of BAT
50 50 50
70 60 0
80 70 0
100 100 100
100 50 0
Accreditation 
H & S  Policy 
H & S  Procedures 
Past Safety Record ^
50 50 50
80 60 40
100 50 0
Management Commitment 
Quality Systems  ^
Technology 75 75
60 50
60 50 40
60 60
70 70 70
Table 2:
No values have been recorded because the group did not have enough information to score the contractors
Performance Appraisal Data
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3.4 Phase 4: Results Analysis and Sensitivity 
3.4.1 Results Analysis
The final phase of the decision analysis involves analysing the results from the MADE model. The 
scores awarded for the contractors performance are multiplied through by the branch weights to 
calculate scores at each level in the decision hierarchy. These scores are not only an indication of 
each contractors performance against the defined performance attributes, but also an indication of 
how each contractor equates to each other and to the "Best in Industry".
Performance output trees have been developed to calculate contractor performance. In the case 
where performance scores have been omitted for performance attributes, the weight for the 
performance attribute has been distributed amongst the other attributes in proportion to their 
relative importance.
The results from the MADE model are attached as Appendix V. They take the following format.
1. Individual performance output trees have been created for each individual based on their 
attribute relative weights. (The group performance scores are used in each case)
2. A group performance output tree has been created based on the group attribute relative 
weights.
3. Graphical representation of the group decision tree showing;
3.1 Bar chart of performance by first level attributes for each contractor
3.2 , Bar chart of contractor performance broken down by attribute
3.3 Individual bar charts for each contractor showing contractor performance against 
each attribute and relative importance of the attributes.
Table 3 summarises the top level score calculated for each contractor using the group's weights and 
for each individual. Figure 5 illustrates a graphical rosette showing the top level score calculated for 
each contractor based on the group's and the individual's weights.
Function Company A  
Score Rank
Company B  
Score Rank
Company C 
Score Rank
Management 70.1% 1 67.5% 2 50.0% 3
Environment Expert 65.8% 2 69.5% 1 40.5% 3
Production 69.2% 1 65.6% 2 50.4% 3
Production 73.1% 1 64.8% 2 48.3% 3
Support 79.1% 1 63.0% 2 41.3% 3
Production 76.1% 1 60.7% 2 38.3% 3
Average (individuals) 72.3% 1 65.2% 2 44.8% 3
Group 75.3% 1 64.2% 2 43.8% 3
Table 3: Top Level Score Summary
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-#— Company A " # Company B " A —  Company C
Management
100
Group Env. Expert
Production( 1 )Ave. all Ind.
Production(2)Production(3)
Support
Figure 5; Top Level Score
Reference to the MADE model results clearly shows that Company A are consistently the top 
performer. There is one exception to this trend (based on weights for the Environmental expert), 
however, the group based results are the primary source of reference to indicate the company wide 
view on attribute weights and hence the top level performance score for the contractors.
Company C are consistently the worst performer by a substantial margin and therefore the decision 
can safely focus on the performance scores recorded for Company B and Company A. In this 
respect Company B out performs Company A on the Cost Efficiency and Environmental 
Performance attributes and Company A outperforms Company B on the other remaining 5 
attributes.
Primarily became Company A outperforms Company B on 3 out of the top 4 attributes ( which 
account for 82% of the weight), does it record a higher top level index score. In fact based on the 
group analysis. Company A scores 75.3 ( which equates to an above average performance), 
compared to Company B's score of 64.2 (midway between average and above average performance) 
and Company C  score of 43.8 (below average).
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3.4.2 Sensitivity Analysis
The output results from the MADE model provide considerable scope for statistical analysis, with a 
sensitivity analysis rating highly in terms of adding value to the decision. Three levels of sensitivity 
analysis are possible;
1. Contractor top level score sensitivity with respect to attribute weights
2. Contractor top level score sensitivity with respect to attribute performance scores
3. Contractor top level score sensitivity with respect to both attribute weights and scores
In this case, a significant level of quantitative data was used to establish the contractor scores for 
each performance attribute. As a consequence, a high level of confidence can be associated with the 
contractor scoring. On the other hand, the attribute weights were derived purely from judgements 
made by the group, and confidence in the final output from the MADE model can be gained by 
analysing the sensitivity of the contractor top level score to changes in the attribute weights. A 
sensitivity analysis was therefore carried out to investigate the effect on the top level score of 
varying the relative importance of the performance attributes.
The group weights were used as the base case. In each case the relative weight of the attribute was 
varied away from the base condition and the difference between the original weight and the new 
weight redistributed amongst the other weights according to their relative importance.
Figures 6 and 7 show the sensitivity of the top level score to changes in the weight of the "Cost 
Efficiency" and "Environmental Performance" performance attributes These were the only 
performance attributes that could cause a rank reversal of preferred waste contractor. Both graphs 
shows how the top level score for each contractor varies with the change of each attribute. The 
original weight is noted in the title of each graph for reference. Appendix VI contains the sensitivity 
results for all seven first level performance attributes.
Cost Efficiency Sensitivity 
Group value = 8%
80 -,
Comp. A 
Comp. B 
Comp. C
Jj 30
80%50% 60% 70%10% 20% 30% 40%
W e i g h t
Figure 6; Top Level Score Sensitivity to Cost Efficiency Weight
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Environmental Performance Sensitivity 
Group value = 20%
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Figure 7: Top Level score sensitivity to Environmental attribute weights
Reference to the sensitivity graphs shows that;
1. Contractor ranking is sensitive to the relative importance weight of the cost efficiency 
attribute. Increasing the cost efficiency importance to over 40% will swap the ranking of 
Company A and Company B.
2. Contractor ranking is to a lesser extent sensitive to the relative importance weight of the 
environmental attribute. Increasing the environmental performance weight to over 70% will 
swap the ranking of Company A and Company B.
3. The rank position of Company C is not sensitive to the performance attributes' weights
4. The top level score of contractors is sensitive to the relative importance of the H&S 
Performance, Policy Commitment and Quality attributes but not sufficiently to cause a 
change in contractor rank.
5. The top level score of contractors is least sensitive to the relative importance of the company 
profile and operational performance attributes.
6. In general it is possible to conclude that contractor ranking is not critically sensitive to any 
one attribute weight.
7. Cost efficiency is the more critical attribute. This however would need to change by a factor 
of 5 (from 8% to over 40%) to cause a rank reversal.
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4. Value  OF THE A nalysis
4.1 Value to British American Tobacco
The results from the MADE tool were useful, interesting and of practical help to British-American
Tobacco, since;
• The relative importance of the cost efficiency attribute in meeting British-American 
Tobacco’s overall aim for the project was put firmly into context with other project 
performance attributes. Because of the long term and environmental performance 
consequences of the project the actual weight calculated for the financial performance 
attribute was not the most significant factor.
• The MADE analysis helped the British-American Tobacco decision team to structure their 
analysis, understand their objectives and the project performance attributes which were 
relevant.
• Using the pairwise technique it was possible to determine the group’s relative priorities for 
the performance attributes in a structured, realistic and auditable fashion.
• The word model produced absolute performance values for each contractor which could be
compared with one another and to industry best practice.
• The results from the MADE model provided objective, quantitative justification on which to
base the decision, when in fact the preferred contractor. Company A, was not the cheapest. 
Company A is preferred primarily because of its performance superiority in 3 out of the top 4 
major attributes (accounting for 82% of the weight).
• The output from the MADE model produced auditable documentation, which gave clear,
concise justification for each step in the analysis suitable for future reference
• The MADE model produced an objective decision basis based on the links between British-
American Tobacco's strategic goals and the performance of the contractors.
4.2 Value to the EngD Research
The principle value to the research has been created through the positive feedback received from
the application of the research methodology to the British American Tobacco decision. More
specifically this research has shown that;
Business decision makers need a multi attribute decision support tool especially when trying 
to quantify a mixture of "financial" and "non-financial" project performance attributes.
The company wide interviews and subsequent decision tree design helped to unite the 
perceptions of the differing company functional areas into the decision process.
In terms of the overall importance to the decision process, the test case with British American 
Tobacco showed that the design of the decision hierarchy was the most critical element in the 
whole process
The group process used to establish the weights and performance scores helped to "buy-in" 
individuals to support the conclusions from the MADE analysis, because all had a stake in 
the decision process.
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• It is possible to carry out a multi attribute decision analysis within a short time frame, 
especially when the analysis is supported by a structured methodology such as that offered by 
the MADE model. As a result the MADE analysis ran smoothly and to timetable.
• The results from the MADE analysis showed that the environmental performance of a project 
is a significant factor in the decision process. This is especially true for a company such as 
British-American Tobacco which has stringent environmental policies. In this case the 
MADE model provided a mechanism by which the company's environmental commitment 
could be substituted through practice in their investment appraisal.
5. Future Research
As a consequence of the project carried out with British American Tobacco a number of areas have
been highlighted where research should focus in the future.
Stakeholder Input
Weight Analysis
Synthesis
The test case with British American Tobacco did not fully test the assumption 
that a project's value is a function of the value accruing from all of a 
company’s stakeholders. In this respect, therefore, developing and testing of a 
methodology which will allow external stakeholder input into the value 
analysis is a particularly relevant area for future research
Feedback from British American Tobacco staff contributing to the test case 
focused on three areas of the weighting procedure which could be improved. 
Firstly there was some confusion caused by a lack of definition for some of 
the performance attributes. Therefore future application of the MADE model 
should draw particular reference to this subject. Secondly, the input matrices 
could be improved so that it would be more difficult to "cheat". For example, 
once the top row of a matrix has been completed, the decision maker could 
fill in remaining boxes by simple reference to the first row decisions. This 
obviously deflects from the objective for the whole exercise. Lastly, it was 
mentioned that their was some room for confusion in the input of the 
pairwise judgements, because of the need for the decision maker to 
understand the difference between inputting a normal value (between 1 and 
9) and a reciprocal value.
Development of a simpler input technique and one which makes it less easy 
for the decision maker to follow a set pattern is therefore a task for future 
development.
The MADE model has been used in a relatively straightforward decision 
which in many ways offered a near perfect situation to test thé methodology. 
The challenge for the future research is to apply and develop the 
methodology through further test cases which are more complex and the 
concepts and performance attributes more difficult to define and measure. 
Potentially this could involve decisions which hinge more greatly on the 
intangible value element.
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Introduction
Please let me introduce myself. I am an Engineering Doctorate (EngD) research engineer 
sponsored by a small consultancy company (Paras Ltd) and the Centre for Environmental 
Strategy at Surrey University. The EngD program is relatively new and aims to improve 
on the traditional Ph.D. by directly integrating industry into the research project, hence 
explaining both Paras’ involvement and my desire to work with British American Tobacco 
Company Ltd (BAT).
In essence, the main précis of my research is to develop tools to quantify (and hence help 
manage) the environmental and financial performance of business projects. In this context 
1 have developed a methodology which helps to define, rank and quantify multi attributes 
of investment projects. The aim being to widen the decision process, to involve more 
decision factors and also to provide a framework within which decision makers can rank 
and link these attributes to a company’s strategic goals.
BAT’S Decision
BAT wish to employ a contractor to provide a full and comprehensive waste management 
service for the Southampton site. In this context three separate proposals have been 
received from bidding contractors to provide a waste management service which all differ 
in terms of costs and waste management strategy. The choice of which contractor best 
fulfils BAT’s objectives is justifiably based on a multitude of criteria relating to the 
performance of the contractors.
This questionnaire aims to help rationalise the decision process by asking your views on 
which performance criteria you feel are relevant to the decision process and so help design 
a decision hierarchy against which contractors can be objectively judged.
W hat It Involves
This document is supplied with the aim of providing you with prior knowledge of the 
questions 1 will be asking you during the course of our planned interview. It is hoped that 
this will allow you to reflect on some of the questions and also allow you to prepare 
questions of your own to help your understanding of the exercise. In view of this the 
questionnaire comes with a comments column to let you make notes, or simply jot down 
key words which you feel will help us through the interview.
The protocol questioimaire is made up of four sections.
Section 1: Your Involvement and Responsibilities
This section of the questionnaire aims to determine your involvement with 
waste management on the BAT site.
Section 2: Top Level Aim Definition
This part of the questionnaire aims to determine what in your view the 
principle objective is for contracting out for waste management. This is 
termed as the top level aim.
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Section 3: Performance Criteria
This part of the questionnaire aims to determine what your personal 
performance criteria are for determining an efficient waste management 
system. Or in other words, what in your opinion are the main attributes you 
would use to judge vying waste management options.
Section 4: Decision Hierarchy Design
This part of the questionnaire aims to use the information generated during 
the interview to help us design your own decision hierarchy for choosing a 
waste management operator.
An  Exam ple  Application
The aim behind the questioimaire is to construct a decision hierarchy for choosing a waste 
management contractor who will best fulfil BAT’s objectives and strategy. This has the 
advantage of widening the decision analysis to include a wider perspective (based on your 
feedback) whilst simultaneously structuring and systematising the decision analysis.
A skeletal example of a possible decision hierarchy is illustrated below. I have not 
provided much detail since I do not want to influence your views in any way but just wish 
to give you an idea of the process and what it aims to achieve.
Top Level Aim
Choose a contractor who best 
improves on current practice
Decision Attributes
Cost Env. Perf. Contract Cond Comp. Profile Link to BAT Strat.
/ f ' N
! Sub Attributes Sut) Attributes ; ! Sub Attributes ; ! Sut) Attributes ; : Sub Attributes ;
Contractor A Contractor B Contractor C
W h at  Happens A fterw ards
The design of the decision tree forms the first, but critical phase in the overall decision 
process. The second phase will involve a group exercise where decision makers will be 
asked to make pairwise comparisons of the identified performance criteria. This will 
allow relative worths, or weights to be calculated for each identified attribute. Finally each 
contractor will be scored with respect to their performance under each identified criteria, 
and since each criteria has been designated a relative weight it will be possible to 
calculate a combined index value for each contractor and hence objectively decide on the 
optimal contractor.
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Section  1
Y o u r  Involvem ent
This section of the questioimaire considers your involvement with waste management 
issues on the BAT site.
Questions
1. Do you have any waste
management responsibilities? Is so 
what are they?
2. How do you think your 
responsibilities may change under 
the proposed contracted out 
arrangement? If so how?
Comments
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Section  2
TOP Level  A im
This section of the questionnaire aims to determine what you feel the principle 
objective for moving to a contracted out waste management scheme is.
Questions
1. What do you think BAT’s principle 
driving force is for moving to a 
waste management system.
2. Why do you think BAT have chosen 
to contract out this service?
3. What do you feel is the strategic 
importance of moving to a waste 
management system.
4. How important do you perceive this 
decision to be in terms of BAT’s 
longer term plans?
5. Do you think the decision should be 
driven by BAT’s policy 
commitments? E.g. environmental, 
health and safety, strategic policies
Comments
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Section  3
Attribute  Definition
This section aims to elicit what you feel the main performance criteria are against 
which competing waste management proposals should be judged.
Questions
Which performance criteria do you 
think BAT would be interested in? 
E.g. if BAT was buying a fleet of 
cars these might be, engine size, 
fuel economy, safety, price etc.
2. What do you personally feel are the 
attributes that you would like to 
measure and base the decision on?
3. Which stakeholders do you feel 
would be most affected by the 
project, i.e. have a stake in the 
outcome of the decision.
4. What performance attributes of the 
project do you think they will be 
interested in?
5. What do you perceive as the key 
benefits and costs of the project
6. Can you identify any critical 
success factors for the project?
Comments
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Section  4
________  H ierarchy  De s ig n __________________
The information from this interview will be used to design a decision hierarchy for 
choosing a waste management contractor. At the end of the interview we will both go 
through the responses and fill in a decision tree proforma attached based on your 
responses.
In designing the decision tree it is important that the attributes we choose to measure 
are separate and distinct from one another. The advantages of building up such a 
hierarchy is that it helps to simplify what is essentially a very complex decision. In 
this context the methodology allows attributes to be split further into sub-attributes if 
necessary to further clarify the decision.
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&
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Prepared By 
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1. Com pany  W ide Decision  H ierarchy
Thank you for allowing me to interview you last week. I was very pleased with the feedback I 
received. I have used the information you gave me to design a “company wide” decision hierarchy. 
That is based on the whole spectrum of feedback I received from all the interviews. Obviously there 
was a significant element of overlap for all the parties involved, nevertheless more diverse areas for 
performance appraisal where raised and these are included in the company wide decision tree.
Figure 1 shows the hierarchy design based on your feedback. Table 1 provides more in depth 
definitions of each identified attribute and lists suggestions for possible measures in each case.
Table 1: Definition of Performance Attributes in Company Wide Hierarchy
No/
Level
Summary Description Definition Possible Measures
1 Cost Efficiency Overall cost performance Cost/tonne
Total per annum cost
Fixed management fee
2 Environmental
Performance
All round environmental performance 
of waste management proposals
2.1 Proportion recycled Percent of total recycled- i.e. not 
landfilled
% recycled 
% landfilled
2.2 Segregation
Performance
Overall ability to segregate waste into 
separate streams and ability to handle 
various wastes
Number of waste streams
2.3 Incentive to recycle Ability and willingness to move 
towards increased recycling
financial rewards in 
contract
2.4 Recycling Creativity Willingness and ability to adopt new 
and novel forms of recycling
Novel suggestions in 
proposal
2.5 Waste management 
environmental impact
The acceptability of recycling 
proposals in terms of the net energy 
or impact burden
Net energy impact of 
recycling
3 Operational
Performance
All round waste management 
operational capability
3.1 Noise Noise created through waste 
management operations
Size and hours of 
machine operation 
Number and type of lony. 
Curfew times J
3.2 Data quality Ability, quality and willingness to 
produce auditable waste stream data
Audit trail for waste. 
Usefulness of data in 
terms of pursuing waste 
minimisation initiatives
3.3 Efficiency of waste 
removal
Operational capability and capacity 
for removing/storing/collecting waste
Number bins 
Frequency of collection
3.4 Business Continuity Ability to cause least disruption to 
day to day factory operations
Staff training 
Implementation plans
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Cont.
No/
Level
Summary Description Definition Possible Measures
3.5 Cleanliness storing and orderliness of waste 
management.
Staff training 
Collecting proposals
4 Company Profile All round image of company
4.1 Industry reputation The standing of the company in 
relation to the industry.
Percent market share 
Number employees 
Turnover, Number clients
4.2 Track record Past and present performance of 
company with other companies
Client feedback
4.3 Credibility The overall credibility of the 
companies proposals
Client feedback
4.4 Financial standing Long term financial viability and 
stability of the company
Past financial 
performance
4.5 Knowledge of BAT Experience with BAT and the 
tobacco industry
Contracts with BAT 
/tobacco industry
5 Health & Safety All round H&S performance & policy
5.1 Accreditation H&S awards or certification
5.2 H&S Policy H&S policy publicly available
5.3 H&S
Procedures/training
H&S training procedures in place 
with regular staff training
Manning levels for 
machines
Machine procedures
5.4 Past Safety record Levels of H&S incidents Number of accidents 
Time loss incidents
6 Quality Overall company quality capability
6.1 Management
commitment
Management commitment to quality 
and continual improvement
Policy statement
6.2 Quality systems Adequate and operational quality 
systems
Accreditation to IS09000, 
BS5750
1 6.3 Technology Availability of technology to provide 
quality service and evidence of 
continual investment
|7  
1 7.1
Environmental Policy 
Commitment
Overall ability to ensure continual 
conformity to BAT policy 
commitments and ensure legislative 
compliance
Conformity to BAT 
Environmental policy
Ability and willingness for continual 
improvements in line with BAT 
policies
7.2 Own environmental 
policy
Company has own environmental 
policy
Published policy
7.3 Environmental
accreditation
Environmental management systems 
in place
Certified to BS7750
7.4 Legislative Tracking Systems in place to ensure efficient 
tracking of legislation and conformity
Working Environment 
management system
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Top Level Aim: Employ a waste management contractor who provides optimal value in terms of waste management 
and environmental practice and thus ensure future business continuity and legislative compliance
Cost Efficiency
Environmental Performance
3. Operational Performance
4. Company Profile
5. Health & Safety Performance ♦
6 . Quality
Policy Commitment
2 ■ 1 Proportion Recycled
<— 2.2
4— 2.3
* — 2.4
*— 2.5
3.1
* — 3.2
* — 3.3
* — 3.4
* — 3.5
* — 4.2
*— 4.3
4— 4.4
4— 4.5
5.1
4— 5.2
4— 7.2
Segregation Performance/Diversity
Incentives for recycling
Recycling creativity
Waste management environmental impact
Noise - On and Off site
Data quality
Efficiency of waste removal
Business Continuity
Cleanliness
4.1 Industry reputation
Past Track record
Credibility/Trustworthiness
Financial Standing
Knowledge ofBAT/Tobacco industry
Accreditation
H&S Policy
5.3 H&S Procedures/Training
5.4 Past Safety Record
6.1 Management Commitment
6.2 Operational and Adequate quality systems
6.3 Technology
7.1 Ability and willingness to conform with BAT Policy
Own Environmental Policy
7.3 Environmental performance accreditation
7.4 Systems and ability to track legislation and ensure conformity
Figure 1 : Company Wide Decision Hierarchy
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2. Pairw ise  Com parisons
2.1 Basics principles
The design of the decision tree formed the first phase of the decision analysis. The second phase 
aims to determine what your perception is of the relative weights for the defined branches in the 
decision tree. The methodology I propose to use is based on sound mathematical principles and 
allows decision makers to methodically and systematically determine their relative weights for the 
defined performance criteria.
The example tree shown below shows 5 sub-attributes for the first level (Ggrst )
G1
G2
G3
G4
G5
% st
To determine the relative importance of the 5 sub attributes the decision makers must make 
pairwise comparisons of the 5 sub attributes. For the proposed methodology the number of pairwise 
comparisons is governed by the following equation:
No Pairwise Comp= No Attributes (No Attribute -l)/2
No Pairwise Comp. = 5 (5 -l)/2 = 10
The matrix below illustrates which pairwise comparison are required (numbered PI... PIG). The 
diagonal must have equal importance, whilst for the squares marked with an “X” pairwise 
comparisons are not required since they should be reciprocals of the opposite diagonal. For 
example, in the matrix below PI represents the relative importance of G1 to G2 in terms of the first 
level attribute, Gg^ st •
G pirst G1 G2 G3 G4 G5
G1 1 PI P2 P3 P4
G2 X 1 P5 P6 P7
G3 X X 1 P8 P9
G4 X X X 1 PIO
G5 X X X X 1
It is possible to determine the relative weights using less comparisons, for example you could 
simply place weightings against each attribute, or you could compare G5 with the other four 
attributes (four pairwise comparisons (P4,P7, P9, PIG).
Both these methods would give you relative weights for the sub attributes, however this places 
greater demands on the decision maker and is likely to be less objective than the methodology 
proposed here, based on a greater number of pairwise comparisons.
British American Tobacco
Appendix II - Weights Analysis
EngD/Paras
July 1996
2.2 Pairwise Comparison Matrices - An Example
If we refer to the company wide decision hierarchy(Figure 1), we can choose the environmental 
attribute to perform a pairwise comparison on. This would give the following matrix.
Env Performance Proportion
Recycled
Segregation
Performance
Incentives Recycling 
Recycling Creativity
Environment
Impact
Proportion
recycled
1 PI P2 P3 P4
Segregation
Performance
1 P5 P6 P7
Incentives
recycling
1 P8 P9
Recycling
Creativity
1 PIO
Environmental
Impact
1
The pairwise comparison methodology also uses the following scale.
Numerical Values Definition
1
3
5
7
9
2,4,6,8 
Reciprocals
Equally important or preferred 
Slightly more important or preferred 
Strongly more important or preferred 
Very strongly more important or preferred 
Extremely more important or preferred 
Intermediate values to reflect compromise 
Used to reflect dominance of the second 
alternative as compared with the first
Hence the decision maker must make the following comparisons.
In terms of Environmental performance;
- what is the relative importance of Proportion recycled over Segregation Performance
in achieving environment performance
- what is the relative importance of Proportion recycled over Incentive to recycle in 
achieving environment performance
- etc.
This process might lead to the following values
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Env Performance
Second Attribute
Proportion Segregation Incentives Recycling Environmental 
Recycled Performance Recycling Creativity Impact
First Attribute
Proportion 
recycled
Segregation 1 2 5 1/3^
Performance
Incentives 1 2 1/5
recycling
Recycling 1 1 / 5
Creatirity
Environmental 
Impact
1 - The reciprocal indicates the decision maker prefers the second (Environmental Impact) 
attribute slightly (3) over the first (Segregation Performance) attribute.
The relative importance of the sub attributes can be calculated by calculating the Eigen vector for 
the pairwise matrix. The Eigen vector is calculated based on the following equation:
T A k.E igen  v ec to r  =  lim  A  e/e A  e
Where: k > infinity 
A = Matrix 
e = ( l , l  ,1)
This gives the following relative importance weights
Proportion recycled 
Segregation performance 
Incentives for recycling 
Recycling creativity 
Environmental Impact
0.55
0.11
0.08
0.03
0.23
An important element of this method is that it is possible to calculate a consistency index to 
determine how consistent a decision maker has been. For example, if a>b and b>c, then logically 
a>c. The consistency index is a measure of how closely a decision maker has kept to their priorities 
and hence acts as a safety catch to quickly and efficiently gauge the pairwise comparisons made by 
the decision maker. Apart from being able to calculate a consistency index it is possible to identify 
the pairwise comparisons which may be causing the index to go above 0.1 which is judged the cut 
off point for constant comparisons.
The consistency value for the example matrix = 0.068 <0.1. Therefore is acceptable
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3. Pairw ise  Com pariso ns - BAT C om pany  W ide D ecision  
H ierarchy
For the company wide hierarchy pairwise comparisons are required at each level of the tree.
Working from the bottom of the tree towards the top level aim, 7 matrices need to be completed,
remembering that attributes are always compared with reference to their importance to the attribute
that is one level above it.
It is proposed to determine the relative importance weights for the company wide tree in two stages.
Individually: Based on your individual pairwise comparisons. In this regard I have appended 
matrix proformas ready for you to fill in. I will subsequently calculate your 
individual weights.
Group: I will present the averaged weights calculated from your individual pairwise
comparisons at a group session. I will highlight any significant spread in weights 
for the group to discuss. For example if there is a wide difference of perception of 
the importance of criteria between two distinct groups of individuals. The aim is to 
reach a group consensus. The group exercise will also contribute to the final phase 
of the decision process - scoring the competing companies against the decision tree 
criteria.
4. Contractor  Perform ance  Appraisal
As mentioned above it is proposed that the group exercise will be used to score the competing 
companies with respect to their individual performance against the company wide decision tree. 
Only the end branches need to be considered.
5. Individual  PAIRWISE COMPARISONS
I trust this document has been able to explain what I am trying to achieve and what input is required 
from you. If you have any questions please do not hesitate to contact me on 0181-761 7314.
To summarise therefore, I would be grateful if you could fill in your pairwise comparison values in 
the attached matrices and return these to my home address before or for Wednesday 7 February. It 
is planned for the group exercise to take place on Friday 9 February. Steven Hemsley will be in 
touch to finalise a date and time.
R esea rch  P roject  
F o r  
B ritish  A m er ic a n  T o bacco
In d iv id u a l  Pa ir w is e  C o m pa r iso n s
Wa s t e  M a n a g e m e n t  C o n t r a c t o r  
D e c isio n
PAIRWISE DATA
Name:
Job Title:
Prepared By 
Graham S, Earl 
Surrey University & Paras Ltd 
January 1996
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B a s ic  In f o r m a t io n
Please return your completed pairwise matrices to
Graham Earl 
13 Raleigh Court 
Lymer Avenue 
London SE 19 ILS
to reach me on or before Wednesday 7 Februaiy.
Pairwise comparison should be made on the scale shown in Table I
Table I: Pairwise Scoring Scale
Numerical Values Definition
1 Equally important or preferred
3 Slightly more important or preferred
5 Strongly more important or preferred
7 Very strongly more important or preferred
9 Extremely more important or preferred
2,4,6,8 Intermediate values to reflect compromise
Reciprocals Used to reflect dominance of the second
alternative as compared with the first
Pairwise Comparison Rules
1. Always compare the first attribute (in the left hand column) with the second attribute (in the top 
line).
2. If you prefer the first attribute to the second use values 2-9
3. If you prefer the second attribute to the first use reciprocal values i.e. 1/2,1/3,1/4... 1/9
4. If you have no preference then place 1 in box.
If you feel you are unable to fill in some of the matrices then leave them blank.
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S e c o n d  L e v e l  Pa ir w is e  M a t r ic e s
1. Cost Efficiency
Not Applicable
2. Environm ental  Perform ance
Environmental
Performance
Proportion
Recycled
Segregation
Performance
Incentives 
for Recycling
Recycling
Creativity
Waste Man. 
Env. Impact
1 i)Proportion
Recycled____
Segregation 
Performance 
Incentives for 
Recycling 
Recycling 
Creativity 
Waste Man.
Env. Impact
i) Fill in light shaded boxes only with your pairwise comparisons.
ii) Use scoring scale as shown in Table I.
iii) Remember if you prefer the second attribute (the one on the top line) to the first attribute (the one in the left 
column) use reciprocal values
iv) Refer to Table 1 in introductory text for detail on attribute definitions.
3. Operational  Perform ance
Operational
Performance
CleanlinessEfficiency of 
Removal
Business 
Continuity
Noise Data 
Quality
Noise
Quality
Efficiency of 
Removal 
Business 
Continuity 
Cleanliness
i) Fill in light shaded boxes only with your pairwise comparisons.
ii) Use scoring scale as shown in Table I.
iii) Remember if you prefer the second attribute (the one on the top line) to the first attribute (the one in the left
column) use reciprocal values
iv) Refer to Table 1 in introductory text for detail on attribute definitions.
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4. Com pany  Profile
Company
Profile
Industry
Reputation
Track
Record
Credibility Financial
Standing
Knowledge 
of BAT
Industry
Reputation
Track
Record
Credibility
Financial
Standing
I i)
Knowledge 
of BAT
i) Fill in light shaded boxes only with your pairwise comparisons.
ii) Use scoring scale as shown in Table I.
iii) Remember if you prefer the second attribute (the one on the top line) to the first attribute (the one in the left 
column) use reciprocal values
iv) Refer to Table 1 in introductory text for detail on attribute definitions.
5. H e a l t h  & S a f e t y  P e r fo r m a n c e
Accreditation H&S
Policy
H&S
Procedures
Past Safety 
Record
H&S 
Performance 
Accreditation
H&S
Policy
H&S
Procedures 
Past Safety 
Record
i) Fill in light shaded boxes only with your pairwise comparisons.
ii) Use scoring scale as shown in Table I.
iii) Remember if you prefer the second attribute (the one on the top line) to the first attribute (the one in the left
column) use reciprocal values
iv) Refer to Table 1 in introductory text for detail on attribute definitions.
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6. Quality
Management
Commitment
Quality
Systems
TechnologyQuality
Management
Commitment
Quality
Systems
Technology
i) Fill in light shaded boxes only with your pairwise comparisons.
ii) Use scoring scale as shown in Table I.
iii) Remember if you prefer the second attribute (the one on the top line) to the first attribute (the one in the left
column) use reciprocal values
iv) Refer to Table 1 in introductory text for detail on attribute definitions.
7. Environm ental  Policy  C om m itm ent
Env. Policy 
Commitment
Conformity 
BAT Env.Policy
Own Env. 
Policy
Environmental
Accreditation
Legislation
Tracking
1 i)Conformity 
BAT Env. Policy 
Own Env.
Policy_________
Environmental
Accreditation
Legislation
Tracking
i) Fill in light shaded boxes only with your pairwise comparisons.
ii) Use scoring scale as shown in Table I.
iii) Remember if you prefer the second attribute (the one on the top line) to the first attribute (the one in the left
column) use reciprocal values
iv) Refer to Table 1 in introductory text for detail on attribute definitions.
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F ir s t  L e v e l  P a ir w is e  C o m p a r is o n
Top Level Aim: Employ a waste management contractor who provides optimal waste 
management and environmental practice value and thus ensure future 
business continuity and legislative compliance
Top Level
Aim_____
Cost
Efficiency
Cost 
Efficiency
Env.
Perform.
Oper.
Perform
Company 
Profile
H&S
Perform
Policy
Comit.
Environmental
Performance
Operational
Performance
Company
Profile
H&S
Performance
Quality
Policy
Commitment
Quality
i) Fill in light shaded boxes only with your pairwise comparisons.
ii) Use scoring scale as shown in Table I.
iii) Remember if you prefer the second attribute (the one on the top line) to the first attribute (the one in the left 
column) use reciprocal values
iv) Refer to Table 1 in introductory text for detail on attribute definitions.
Thank You For Finishing The Matrices 
Please return ASAP.
A p p e n d ix  III
Pe r f o r m a n c e  A p p r a is a l  W o r d  M o d e l
R e s e a r c h  P r o je c t  
F o r
B r it is h  A m e r ic a n  T o b a c c o
C o n t r a c t o r  P e r f o r m a n c e  A p p r a is a l
In s t r u c t io n s
Wa s t e  M a n a g e m e n t  C o n t r a c t o r  
D e c isio n
Prepared By 
Graham S. Earl 
Surrey University & Paras Ltd 
February 1996
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1. Results FROM Pairw ise  Analysis
Thank you for returning your filled in pairwise comparisons. Unfortunately at the time of issuing 
this document I have not received back all of the pairwise matrices distributed. As soon as I have all 
of these I will issue you all with a summary of all the responses.
The first objective of the planned group session will be to agree on the final weights to use in the 
analysis. It is essential that where large variances are recorded that the group discusses these and 
agrees on a compromise solution. This does not necessarily need to be an average value. The 
pairwise matrix can be revisited and new values entered as a group if this is found more acceptable.
2. Perform ance Appraisal
The final stage in the decision analysis involves making decisions on the performance of each 
contractor against the attributes defined in the company wide decision tree (see figure 1). Only the 
end branches need to be considered.
2.1 Word Model
This analysis proposes to use a word model to facilitate the scoring process. By using a word model 
it is possible to generate ratio scaled scores (i.e. scores which have an upper and lower bound and 
can be directly compared with one another). This will allow each contractor be compared with one 
another and also to an overall “Best” contractor benchmark. Also by using a word model it is 
possible to influence decision makers to make more consistent decisions, since each decision maker 
is given clear and concise instructions what each score means in terms of performance.
2.2 General Instructions
Each second level attribute vrill be scored with reference to its own word model. In each case the 
following rules will apply;
1. For most attributes five scores will be given word definitions; 0,25,50,75,100.
2. Some attributes for which it is difficult to give performance word definitions will only be 
classified into three definitions; 0,50,100
3. For each attribute best industry practice will be defined to have maximum score (100).
4. For each attribute worst industry practice will be defined to have the minimum score (0)
5. A score of 50 indicates average industry practice
6. A score of 75 indicates above average industry practice
7. A score of 25 indicates below average industry practice
8. Decision makers can award any score ranging between 0 and 100 and are not limited to the 
defined scores. Intermittent scores should reflect the company performance between the 
boundaries set by the word model.
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Top Level Aim: Employ a waste management contractor who provides optimal value in terms of waste management 
and environmental practice and thus ensure future business continuity and legislative compliance
Cost Efficiency
2 . Environmental Perfonnance
Operational Performance
A Company Profile
y Health & Safety Performance *
6^  Quality
7. Policy Commitment
2.1 Proportion Recycled
4— 2.2
4— 2.3
4— 2.4
4— 2.5
3.1
4— 3.2
4— 3.3
4— 3.4
4— 3.5
< — 4.2
4— 4.3
4.4
5.1
4— 5.2
4— 5.3
4— 5.4
4— 6.2
4— 7.2
Segregation Performance/Diversity
Incentives for recycling
Recycling creativity
Waste management environmental impact
Noise - On and Off site
Data quality
Efficiency of waste removal
Business Continuity
Cleanliness
4.1 Industry reputation
Past Track record
Credibility/T rustworthiness
Financial Standim
4.5 Knowledge of BAT/Tobacco industry
Accreditation
H&S Policy
H&S Procedures/Training
Past Safety Record
6.1 Management Commitment
Operational and Adequate quality systems
4— 6.3 Technology
7.1 Ability and willingness to conform with BAT Policy
Own Environmental Policy
7.3 Environmental performance accreditation
7.4 Systems and ability to track legislation and ensure conformity
Figure 1 : Company Wide Decision Hierarchy
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2.3 Attribute Word Models
1. Cost Efficiency
Word description Score Guide
Lowest Industry cost per tonne removed/managed 100 Less than £10/ tonne
Above average cost efficiency per tonne removed/managed 75
Average cost efficiency per tonne waste removed/managed 50
Below average cost efficiency per tonne waste removed/managed 25
Worst cost efficiency per tonne waste removed/ managed 0 > £80/tonne
2. Environmental Performance
2.1 Proportion recycled
Word description Score Guide
Waste industry best recycling performance 100 > 80% recycled
Waste industry above average recycling performance 75
Waste industry average recycling performance 50
Waste industry below average recycling performance 25
Waste industry worst recycling performance 0 < 20% recycled
2.2 Segregation Performance
2.3 Incentives for Recycling
Word description Score Guide
Identified, characterised and segregated all materials 100 Computer waste seg.
Identified, characterised and segregated all major materials 75
Identified, characterised and segregated majority major materials 50 Paper waste sorted
Identified, characterised and segregated some major materials 25
No waste segregation 0 Haz. waste not seg.
Word description Score Guide
Significant own company and cost drivers for improving % recycled 100 Long/short term drivers
Significant cost drivers for improving % recycled 75
Average cost drivers for improving % recycled 50
Insignificant cost drivers for improving % recycled 25
Negative cost drivers for improving % recycled 0 Recycling inc. costs
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2.4 Recycling Creativity
Word description Score Guide
Commitment and evidence of novel short and long teim recycling solutions 100 Industry leader
Commitment and some past evidence to show creative recycling solutions 75
Commitment but no evidence for creative recycling solutions 50
Impartial to new recycling solutions 25
Resistant to new and creative recycling solutions 0
2.5 Waste Management Environmental Impact
Word description Score Guide
Waste disposal always based on best environmental option 100 LCA of env. burdens
Waste disposal based on best net energy impact 75
Waste disposal based on some environmental assessment 50
Waste disposal route based on current practice 25
Waste disposal route’s environmental impact not considered 0 No impact analysis
3. Operational Performance
3.1 Noise
Word description Score Guide
All noise sources adequately attenuated and reviewed for improvement 100 Strict noise guidelines
All sources adequately attenuated, with insignificant risk of disturbance 75
All sources attenuated, low risk of neighbour disturbance 50
Occasional neighbour disturbance 25
Consistent neighbour and internal disturbance 0 No guidance
3.2 Data Quality
Word description Score Guide
Point of origin to disposal records (weight, class etc.) for all waste 100 Data management system
Point of origin to disposal records (weight, class etc.)for significant waste 75
Disposal records (weight, class) for significant waste 50
Records for hazardous waste streams only 25
No waste data records 0 No data system
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3.3 Efficiency of Waste Removal
Word description Score Guide
Capacity and work procedures to efficiently remove all wastes 100 Sufficient bins
Capacity and work procedures to efficiently remove all waste, occasional peak disruption 75
Capacity and work procedures to deal with major wastes occasional backlogs for smaller 50 
waste streams
Marginal capacity to deal with waste streams leading to regular backlogs 25
Insufficient capacity or inefficient procedures leading to consistent disruption 0 Insufficient bins
3.4 Business Continuity
Word description Score Guide
Plans and evidence to show smooth transition. Willingness to work closely with BAT 100 Implementation strategy
Some plans and considerations of integration with business activities 50
No plans or implementation strategy to reduce disruption 0 No strategy
3.5 Cleanliness
Word description Score Guide
Evidence for efficient storing and collection and commitment to orderliness 100 Staff training programme
Some evidence to suggest will collect, and store waste with minimal impact on site 
cleanliness
50
No evidence to indicate cleanliness of operations 0 No training.
4. Company profile
4.1 Industry reputation
Word description Score Guide
Significant industiy share, with all round favourable reputation 100 Award winner
Mixed reputation 50
Unfavourable reputation 0 Poor press coverage
4.2 Track record
Word description Score Guide
Significant successful business with other clients 100 Five clients or more
Some past experience with other businesses 50
No past record of such service 0 New area of business
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4.3 Credibility
Word description Score Guide
Trustworthy and credible proposal with evidence of thought 100
Patchy proposal with some contradictions 50
Evidence to suggest can not match proposal in many areas 0
4.4 Financial Standing
Word description Score Guide
Long term business with sound profitability and turnover 100 Top industry performer
Relatively new business, little but sound previous financial performance 50
Poor previous financial records 0 Industry loss maker
4.5 Knowledge of BAT
Word description Score Guide
Long term relationship with BAT 100 Over 5 years with BAT
Recent relationship with BAT 75
Knowledge of other Tobacco companies 50
Knowledge of similar industry to tobacco 25
No knowledge of industry or similar 0 Nuclear specialist
5 Health & Safety
5.1 Accreditation
Word description Score Guide
H&S system accredited /externally audited to international standards 100 H&S award winner
H&S system internally audited, regularly updated 75
H&S to own standards, some auditing 50
H&S procedures only, little documentation 25
No H&S system or documentation 0
5.2 Health and Safety Policy
Word description Score Guide
Company has H&S policy, available internally & externally total management commitment 100 ,
H&S policy internally available, with no specific management commitment 50
No H&S policy or management commitment
British American Tobacco 7 
Appendix III - Performance Appraisal
EngD/Paras 
July 1996
5.3 Health and Safety procedures
Word description Score Guide
Regular system for external and in-house H&S training, procedures updated. Accidents 
recorded, personnel actioned etc.
100
Occasional H&S training, mostly in house, 50
No H&S training 0
5.4 Past Safety record
Word description Score Guide
Exemplary past safety record on and off customer sites 100 Industry leader
Rare safety incidents due to lack of training 50
Regular safety incidents 0 Poor recruitment record
6. Quality
6.1 Management commitment
Word description Score Guide
Company has quality policy, available internally and externally with total management 100 Industry leader
commitment
Quality policy internally available, with no specific management commitment 50
No quality policy or management commitment 0 Poor service record
6.2 Quality Systems
Word description Score Guide
Quality system accredited /externally audited to international standards 100 ISO 9000/BS5750 acc.
Quality system to ISO /BS standard not accredited 75
Quality system to own standards, some auditing 50
Quality procedures only, little documentation 25
No quality system or documentation 0 Poor quality record
British American Tobacco 8 
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6.3 Technology
Word description Score Guide
Evidence of continual technology improvement and commitment and available 
resources to take up new technologies
100 Technology led leader
Commitment to technology leadership but little past evidence 75
Good present base of technology but no management commitment to continual 
improvements
50
Declining technology base, with little resources for improvement 25
Poor technology base with no past evidence of improvement 0 Little past investment
7. Environmental Policy Commitment
7.1 Conformity to BAT Environmental Policy
Word description Score Guide
Evidence and commitment to meeting all aspects of BAT ‘s environmental policy 100
Commitment to meeting all aspects of BAT’s environmental policy 50
No commitment to meeting BAT’ environmental policy 0
7.2 Own Environmental Policy
Word description Score Guide
Published environmental policy with evidence of commitment and EMS 100 External published policy
Published environmental policy with little evidence of commitment 50
No environmental policy 0
7,3 Environmental Accreditation
Word description Score Guide
Environmental Management System (EMS)accredited and Externally audited to 
international standards
100 BS7750orEMAS
EMS internally audited, regularly updated, to best standards 75
EMS to own standards, some auditing 50
Environmental management procedures only, little documentation 25
No EMS or documentation 0 Poor env. record
British American Tobacco 9 
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7.4 Legislation Tracking
Word description Score Guide
Formal system for tracking legislation and systems for creating 100 Use of legislation data
legislative register and environmental impact register
Informal system for legislative tracking 50
No system for tracking legislation 0 Evidence of env. fines
Please call or fax Graham Earl on 0181 761 7314 if you have any questions relating to this document or to the aims and 
objectives for the group exercise scheduled for 26th February 1996.
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Name: Group Results 26-Feb-96
Attributes Environmental Performance
Vector Max Eig Cl CR
Proportion Recycled 40.9% 5.46 0.12 0.10
Segregation Performance 14.3%
Incentives for Recycling 5.8%
Recycling Creativity 7.5%
Waste Man. Env Impact 31.5%
Sum 100.0%
Attributes Operational Performance
Vector Max Eig Cl CR
Noise 17.8% 5.24 0.06 0.05
Data Quality 7.0%
Efficiency of Removal 7.6%
Business Continuity 60.3%
Cleanliness 7.5%
Sum 100.0%
Attributes Company Profile 
Vector Max Eig Cl CR
Industry reputation 11.7% 5.48 0.12 0.11
Track record 18.2%
Credibility 19.9%
Financial Standing 46.8%
Knowledge of BAT 3,4%
Sum 100.0%
Attributes H & S Performance 
Vector Max Eig Cl CR
Accreditation 4.4% 4.17 0.06 0.06
H & S Policy 13.4%
H & S Procedures 50.6%
Past Safety Record 31.6%
Sum 100.0%
Attributes Quality
Vector Max Eig Cl CR
Management Commitment 
Quality Systems 
Technology
44.3%
38.7%
16.9%
3.02 0.01 0.02
Sum 100.0%
Attributes Environmental Policy Commitment 
Vector Max Eig Cl CR
Conformity BAT Env Policy 
Own Env. Policy 
Environmental Accreditation 
Legislation Tracking
41.7%
8.3%
8.3%
41.7%
4.00 0.00 0.00
Sum 100.0%
Attributes Top Level Aim 
Vector Max Eig Cl CR
Cost Efficiency 8.0% 7.26 0.04 0.03
Environmental Performance 19.8%
Operational Performance 21.9%
Company Profile 3.1%
H&S Performance 19.8%
Quality 7.6%
Policy Commitment 19.8%
Sum 100.0%
Name: Production 1
A ttributes E nvironm ental P e rfo rm an ce
Vector Max Eig Cl CR
Proportion Recycled 35.1% 5.53 0.13 0 .12
Segregation Performance 15.3%
Incentives for Recycling 8.9%
Recycling Creativity 17.1%
Waste Man. Env Impact 23.6%
Sum 100.0%
A ttributes O p era tio n a l P e rfo rm an ce
Vector Max Eig Cl CR
Noise 26.7% 5.06  0.01 0.01
Data Quality 20.1%
Efficiency of Removal 22.8%
Business Continuity 7.6%
Cleanliness 22.8%
Sum 100.0%
A ttributes C om pany  Profile 
Vector Max Eig Cl CR
Industry reputation 35.8% 5.37 0 .09 0 .08
Track record 17.4%
Credibility 23.0%
Financial Standing 17.9%
Knowledge of BAT 5.8%
Sum 100.0%
A ttributes H & S  P erfo rm an ce
Vector Max Eig Cl CR
Accreditation 51.1% 4.25  0 .08  0 .09
H & S  Policy 26.0%
H & S Procedures 9.0%
Past Safety Record 13.9%
Sum 100.0%
A ttributes Q uality
Vector Max Eig Cl CR
Management Commitment 41.3% 3.22 0.11 0 .19
Quality Systems 32.7%
Technology 26.0%
Sum 100.0%
A ttributes Environm ental Policy C om m itm ent
Vector Max Eig Cl CR
Conformity BAT Env Policy 22.7% 4.32 0.11 0 .12
Own Env. Policy 20.5%
Environmental Accreditation 33.6%
Legislation Tracking 23.1%
Sum 100.0%
A ttributes T o p  Level Aim
Vector Max Eig Cl CR
Cost Efficiency 10.0% 7.48 0 .08  0 .06
Environmental Performance 5.2%
Operational Performance 5.9%
Company Profile 28.3%
H&S Performance 6.1%
Quality 17.3%
Policy Commitment 27.2%
Sum 100.0%
Name: Management
A ttributes E nvironm ental P erfo rm an ce  
Vector Max Eig Cl CR
Proportion Recycled 
Segregation Performance 
incentives for Recycling 
Recycling Creativity 
Waste Man. Env Impact
10.8%  
10.8%  
31.0%  
5.8%  
41.7%
5.48 0 .12  0.11
Sum 100.0%
A ttributes O p era tio n a l P erfo rm an ce
Vector Max Eig Cl CR
Noise
Data Quality 
Efficiency of Removal 
Business Continuity 
Cleanliness
3.5%  
28.4%  
28.4%  
28.4%  
11.3%
5.07 0 .02 0 .02
Sum 100.0%
A ttributes C om p an y  Profile
Vector Max Eig Cl CR
Industry reputation 
Track record 
Credibility 
Financial Standing 
Knowledge of BAT
9.3%
21.9%
24.7%
38.6%
5.5%
5.26 0 .06 0 .06
Sum 100.0%
A ttributes H & S  P erfo rm an ce
Vector Max Eig Cl CR
Accreditation 
H & S Policy 
H & S Procedures 
Past Safety Record
3.6%
17.0%
17.0%
62.5%
4.24 0.08 0 .09
Sum 100.0%
A ttributes Q uality
Vector Max Eig Cl CR
Management Commitment 
Quality Systems 
Tecfinology
20.0%
60.0%
20.0%
3.00 0 .00 0 .00
Sum 100.0%
A ttributes E nvironm ental Policy C om m itm ent
Vector Max Eig Cl CR
Conformity BAT Env Policy 
Own Env. Policy 
Environmental Accreditation 
Legislation Tracking
44.2%
10.2%
6.2%
39.3%
4.22 0 .07 0 .08
Sum 100.0%
A ttributes T o p  Level Aim
Vector Max Eig Cl CR
Cost Efficiency 
Environmental Performance 
Operational Performance 
Company Profile 
H&S Performance 
Quality
Policy Commitment
26.5%
23.7%
26.5%
2.4%
8.7%
8.3%
3.9%
7.76 0.13 0 .10
Sum 100.0%
Name: Production 2
Attributes Environmental Performance
Vector Max Eig Cl CR
Proportion Recycled 10.7% 5.32 0.08 0.07
Segregation Performance 53.7%
incentives for Recycling 19.7%
Recycling Creativity 8.0%
Waste Man. Env Impact 8.0%
Sum 100.0%
Attributes Operational Performance
Vector Max Eig Cl CR
Noise 4.3% 5.24 0.06 0.05
Data Quality 36.2%
Efficiency of Removal 16.7%
Business Continuity 32.6%
Cleanliness 10.1%
Sum 100.0%
Attributes Company Profile 
Vector Max Eig Cl CR
Industry reputation 11.4% 5.15 0.04 0.03
Track record 25.9%
Credibility 25.9%
Financial Standing 25.9%
Knowledge of BAT 10.8%
Sum 100.0%
Attributes H & S  Performance 
Vector Max Eig Cl CR
Accreditation 17.6% 4.54 0.18 0.20
H & S Policy 10.1%
H & S Procedures 30.3%
Past Safety Record 42.0%
Sum 100.0%
Attributes Quality
Vector Max Eig Cl CR
Management Commitment 
Quality Systems 
Technology
8.3%
65.7%
26.1%
3.22 0.11 0.19
Sum 100.0%
Attributes Environmental Policy Commitment
Vector Max Eig Cl CR
Conformity BAT Env Policy 
Own Env. Policy 
Environmental Accreditation 
Legislation Tracking
33.1%
13.1%
30.0%
23.8%
4.21 0.07 0.08
Sum 100.0%
Attributes Top Level Aim 
Vector Max Eig Cl CR
Cost Efficiency 14.1% 8.18 0.20 0.15
Environmental Performance 11.8%
Operational Performance 20.8%
Company Profile 7.7%
H&S Performance 18.9%
Quality 18.9%
Policy Commitment 7.8%
Sum 100.0%
Name: Production 3
A ttributes E nvironm ental P e rfo rm an ce
Vector Max Eig Cl CR
Proportion Recycled 22 .5% 5.45 0.11 0 .10
Segregation Performance 12.1%
incentives for Recycling 4.6%
Recycling Creativity 5 .9%
Waste Man. Env Impact 54 .9%
Sum 100.0%
A ttributes O p era tio n a l P e rfo rm an ce
Vector Max Eig Cl CR
Noise 18.0% 5.52 0 .13 0 .12
Data Quality 6.9%
Efficiency of Removal 5.1%
Business Continuity 60.3%
Cleanliness 9.7%
Sum 100.0%
A ttributes C om pany  P rofile
Vector Max Eig Cl CR
Industry reputation 23.8% 5.36 0 .09 0 .08
Track record 19.0%
Credibility 33.3%
Financial Standing 17.1%
Knowledge of BAT 6.8%
Sum 100.0%
A ttributes H & S  P e rfo rm an ce
Vector Max Eig Cl CR
Accreditation 9.6% 4.17 0.06 0 .06
H&S Policy 7.5%
H&S Procedures 32.0%
Past Safety Record 50.9%
Sum 100.0%
A ttributes Q uality
Vector Max Eig Cl CR
Management Commitment 
Quality Systems 
Technology
54.0%
29.7%
16.3%
3.01 0.00 0.01
Sum 100.0%
A ttributes E nvironm ental Policy  C om m itm ent
Vector Max Eig Cl CR
Conformity BAT Env Policy 39.3% 4.65 0 .22 0.24
Own Env. Policy 14.8%
Environmental Accreditation 17.0%
Legislation Tracking 28.8%
Sum 100.0%
A ttributes T o p  Level Aim
Vector Max Eig Cl CR
Cost Efficiency 8.7% 8.37 0.23 0 .17
Environmental Performance 17.0%
Operational Performance 13.3%
Company Profile 2.2%
H&S Performance 37.8%
Quality 7.0%
Policy Commitment 14.2%
Sum 100.0%
Name: Env Expert
Attributes Environmental Performance
Vector Max Eig Cl CR
Proportion Recycled 44.2% 5.59 0.15 0.13
Segregation Perform ance 8.8%
Incentives for Recycling 11.1%
Recycling Creativity 26.3%
W aste  Man. Env Im pact 9.5%
Sum 100.0%
Attributes Operational Performance
Vector Max Eig Cl CR
Noise 14.5% 7.34 0.59 0.52
D ata Quality 38.2%
Efficiency of Removal 13.6%
B usiness Continuity 23.5%
C lean lin ess . 10.1%
Sum 100.0%
Attributes Company Profile 
Vector Max Eig Cl CR
Industry reputation 16.1% 6.65 0.41 0.37
Track record 35.6%
Credibility 29.3%
Financial Standing 13.7%
Knowledge of BAT 5.3%
Sum 100.0%
Attributes H & S  Performance
Vector Max Eig Cl CR
Accreditation 9.4% 4.22 0.07 0.08
H & S  Policy 6.7%
H & S  Procedures 53.4%
P a s t Safety Record 30.5%
Sum 100.0%
Attributes Quality
Vector Max Eig Cl CR
M anagem ent Commitment 
Quality System s 
Technology
38.7%
16.9%
44.3%
3.02 0.01 0.02
Sum 100.0%
Attributes Environmental Policy Commitment
Vector Max Eig Cl CR
Conformity BAT Env Policy 
Own Env. Policy 
Environmental Accreditation 
Legislation Tracking
49.7%
9.0%
23.7%
17.6%
4.81 0.27 0.30
Sum 100.0%
Attributes Top Level Aim 
Vector Max Eig Cl CR
C ost Efficiency 44.3% 7.42 0.07 0.05
Environmental Perform ance 27.5%
Operational Perform ance 8.7%
Company Profile 3.1%
H&S Perform ance 8.2%
Quality 4.3%
Policy Commitment 3.9%
Sum 100.0%
A p p e n d ix  V
O u t p u t  Re su l t s
Group Perform ance A ppra/saf 26-F eb-96
First Level Attributes
Weight
Score maximum value 100
Company A Company B Company C
Cost Efficiency Cost Efficiency 50 70 30
Env Per. Proportion Recycled 
Segregation Performance 
Incentives for Recycling 
Recycling Creativity 
Waste Man. Env Impact
75 100 50
70 70 70
100 75 75
80 50 50
70 70 70
Operational Performance Noise
Data Quality 
Efficiency of Removal 
Business Continuity 
Cleanliness
50 50 50
80 60 70
60 80 70
80 50 25
80 50 50
Company Profile Industry reputation 
Track record 
Credibility 
Financial Standing 
Knowledge of BAT
50 50 50
70 60 0
80 70 0
100 100 100
100 50 0
H&S Performance Accreditation 
H& S Policy 
H&S Procedures 
Past Safety Record
50 50
60 40
100 50 0
Quality Management Commitment 
Quality Systems 
Technology 75 75 75
Policy Commitment Conformity BAT Env Policy 
Own Env. Policy 
Environmental Accreditation 
Legislation Tracking
70 60 50
60 40
75 60
70 70 70
Note: Blank cells indicate that the group did not have sufficient information to score individual contractors
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R e f e r e n c e :  TEST CASE 4/2
n a m e : E n v ir o n m e n t a l  P e r f o r m a n c e  - 
W h a t  is  it  W o r t h ? A  C a se  St u d y  
OF ‘B u s in e s s -t o -B u s in e s s ’ 
C o n s u m e r s
Sp o n s o r : N /A
Status: P u b l ic
G r a h a m  E a r l
C e n t r e  fo r  E n v ir o n m e n t a l  St r a t eg y  
Un iv e r sit y  OF Su r r ey  
AND
Pa r a s  L t d .
N ew po r t , Isle  of  W ig h t
S e p te m b e r  1998
Part IV
Test Case Reports
Graham Earl
Engineering Doctorate
T est  C a se  4/2
C o n ten ts  and  F o rm a t
Report No 4/2
BiiefTitle Conjoint Analysis of Corporate Purchasers’ Preferences for 
Environmental Performance
Sponsor Hewlett Packard - Initially
Main vehicle: Type 
Title
Published Paper
Environmental Performance - What is it Worth? A Case 
Study of ‘Business-to-Business’ Consumers.
Supporting Documents:
Portfolio Part:
Main Document Name: 
Specific Identifier:
A protocol document was designed for carrying out the 
conjoint experiments.
Part VI 
Dissertation
Appendix IV: Hewlett Packard Conjoint Analysis 
Experiment Protocol
Sum m a ry
Background
The increasing awareness of environmental performance, especially amongst 
consumers, has not gone unnoticed by company marketers. Unsurprisingly this has 
resulted in environmental performance becoming increasingly emphasised in marketing 
many consumer products.
The relative importance or ‘willingness to pay’ for environmental performance is 
clearly important information for policy makers, marketers and manufacturers. These 
groups need to respond to consumer needs in order to maximise the value of their 
policies (in the case of policy makers) and products (in the case of marketers and 
manufacturers). One potentially very important consumer group are ‘business-to- 
business’ customers, since their preferences are not only representative of a powerful 
purchasing body but also indicative of the company’s own environmental awareness 
and attitude.
However despite a wealth of research on ‘green consumerism’, there is very little 
empirical research on the relative importance consumers, especially business-to 
business consumers, place on environmental performance. More specifically the trade­
offs this group is willing to make between environmental performance and other 
common product attributes such as price, performance etc.
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Project Objectives
The aim of this study was to define the relative trade-offs made by company purchasing 
managers. Alternatively this aim can be viewed as answering the following question - 
“Are business-to-business consumers (in this case represented by corporate purchasing 
managers), willing to forego performance or pay higher prices to improve a product’s 
environmental performance, and if so by how much?”.
To achieve this aim the project used a conjoint analysis methodology to investigate the 
buying preferences of a group of company purchasing managers for two different 
products, an inkjet printer and inkjet cartridge. For the inkjet printer the environmental 
feature investigated was printer casing recyclate content and for the inkjet cartridge the 
environmental performance characteristic investigated was the cartridge’s disposal 
option.
Highlights
Conjoint experiments were designed for the inkjet printer and cartridge and interviews 
held with 22 purchasing managers from 13 companies. The results from these 
interviews have been processed using a conunercial conjoint analysis software product 
to define the relative importance to this group of the two products’ environmental 
performance. This analysis showed that purchasing managers placed low, even negative 
added value on the environmental performance of both products.
This suggest a curious paradox - on the one hand there is considerable survey and 
anecdotal evidence to suggest that consumers want products with improved 
environmental performance, yet this study suggests that business-to-business consumers 
are not willing to accept products with superior environmental performance (in this case 
represented by inkjet printers with higher recyclate content and inkjet cartridges which 
can be recycled and or reused).
The results from this research have been cross compared and linked to other 
complementary research to reach conclusions on the main causes behind this behaviour, 
as follows:
• False perceptions: Thinking that recycled means ‘second hand’ or that virgin 
materials are superior to recycled ones.
• Failure to apply product life cycle costing: Using only immediate costs to drive 
decisions and not considering life cycle costs further down the value chain, for 
example disposal or take back costs.
• Consumer homogeneity: Failure to justifiably differentiate the business-to-business 
consumers from supposedly less sophisticated groups such as the general public.
• Communication failures: In particular failures to fully develop an understanding of 
a product’s implications for the purchasing company and similarly for the 
manufacturers’ to better understand the needs of the purchaser.
• Lack of management commitment: Failure of UK industry to implement 
environmental supply chain management.
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On this basis the research was able to identify a number of recommendations for 
companies wishing to market their products more pro-actively and effectively, 
especially if environmental performance is a significant feature for the product. These 
recommendations can be summarised as follows:
• Form relations with stakeholders to reduce misconceptions and build relationships.
• Demonstrate the Whole Life Value of the product.
• Implement programmes to improve education, training and communications 
concerning environmental performance and its implications for the consumer.
Taken as a whole, this project has shown the value of and the applicability of the 
conjoint methodology for measuring consumer environmental preferences.
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A b s t r a c t
Increasing awareness of environmental performance, especially amongst customers, has 
not gone unnoticed by company marketers. Unsurprisingly this has resulted in 
environmental performance becoming increasingly emphasised in marketing many 
consumer products. Despite a wealth of research on ‘green consumerism’, it is not clear 
how environmental concerns stand in relation to other product attributes.
One potentially very important group are ‘business-to-business’ customers. In order to find 
the importance of environmental performance to this group, a conjoint analysis 
methodology has been applied to investigate the buying preferences of company 
purchasing managers for two different products, an inkjet printer and inkjet cartridge.
This study shows the importance of price for most purchasing managers. Environmental 
performance is also shown to be an important product feature. However, perhaps 
surprisingly, the conjoint analysis shows that inkjet printers which use ‘recycled plastic’ 
are not routinely preferred to equivalent printers made from ‘virgin material’, while inkjet 
cartridges which are ‘reusable’ are not preferred to disposable cartridges. The principal 
drivers for this behaviour are investigated, to explore the implications for marketers and 
manufacturers.
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1. I n tr o d u c tio n
The growth in stakeholder^ interest in industiy’s environmental performance, especially 
amongst consumers, has not gone unnoticed by marketers and manufacturers of electrical 
and electronic products. Unsurprisingly this has resulted in environmental performance 
becoming increasingly emphasised in marketing such products. A graphic illustration of 
this trend is the burgeoning number of electrical and electronic consumer products which 
are now being ‘badged’ with so-called ‘green labels’^ .
In some instances manufacturers have designed their products to meet green label criteria 
in direct response to purchaser requirements, for example to meet a public sector 
organisation’s buying guidelines. Whilst it may seem advantageous to add environmental 
features to a product’s list of attributes, this may often create obvious trade-offs with other 
attributes of the product, most notably its price. As they say, nothing comes for free and 
there is always an upper limit to what consumers are willing to pay to improve a product’s 
environmental performance. As such there is a strong need for both marketers and policy 
makers to better understand how environmental issues factor in purchasing decisions.
Policy makers need this information to help them design effective policies. In this sense an 
effective policy is one which is able to efficiently redirect consumer purchasing behaviour 
towards environmentally ‘friendlier’ products and hence exert the necessary pressure to 
ensure responsible environmental corporate action. Marketers are in need of information 
that indicates how far consumers are actually willing to go to play their part. Knowledge 
regarding consumer thinking in this regard will have broad range strategic and tactical 
ramifications for marketing decision makers - each element of the marketing mix has the 
potential to be affected, from redesigning products and packaging to highlighting 
environmental performance in promotional materials.
More specifically, it is important for marketers to understand where environmental issues 
stand in relation to more traditional product considerations. Stated differently, what types 
of product attribute trade-offs are consumers prepared to make for the sake of the 
environment. Potentially these trade-offs could include, among others, a decrease in 
convenience, reduced product availability, or increases in price.
2. G r e e n  C o n s u m e r is m - F a c t  OR F ic t io n
There are many sources of information for those seeking to inform themselves on social 
attitudes towards environmental factors. For example. Social Trends surveys, British 
Social Attitudes reports, Eurobarometer Surveys and European Values Surveys. Generally 
these tend to indicate a growth in environmental consciousness - for example, a study by 
Social Trends carried out for the DOE in 1993 revealed that 85 percent of adults in 
England and Wales were either ‘quite’ or ‘very’ concerned about the environment trends. 
Similarly a consumer survey by British Social Attitudes on the environment printed in the
 ^ Stakeholder groups are defined here as more-or-less organised groups of people who stand to be affected by 
the decisions and activities of an industry or company. For example, neighbours living near a chemical plant 
are potentially affected by the way the plant operates.
 ^Example ‘green labels’ used in Europe include Blue Angel, Nordic Swan and the EU ‘Eurodaisy’.
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Guardian (Nov. 16, 1994) showed that 38 percent of those interviewed would be ‘fairly 
willing’ to pay higher prices to protect the environment.
Looking outside of the UK, Drumwright (1994) reports on a US study which indicates that 
80 percent of US consumers are willing to pay more for environmentally ‘friendlier’ 
goods. Evans (1990) reports on studies which indicate that 82 percent of West Germans 
claimed to take environmental considerations into account when shopping in the 
supermarket, whilst Smith (1990) reports that this figure is 67 percent in the Netherlands 
and 50 percent in France.
There is also evidence that consumers not only desire to purchase products which 
minimise their impact on the natural environment, but are also willing to pay more for 
them (Coddington, 1993). For example, a Mintel survey concluded that 27 percent of 
British adults were prepared to pay up to 25 percent more for green products (Prothero, 
1990) and, in the USA, Green Market Alert estimates a market growth rate for green 
products of 10.4 percent in 1993 to $121.5 billion, and have projected this will reach $154 
billion by 1997 (Lawrence, 1993).
These impressive figures lead quite naturally to the question - “Who are these 
environmental consumers and how are they best characterised?”. This is a question which 
has challenged many researchers over the past 25 years and one which has resulted in 
many attempts to define the characteristics of the socially or ecologically responsible 
consumer (e.g. Schwepker and Cornwell, 1991; Baldeijahn, 1988). Other research (e.g. 
Schlegelmilch et al, 1996; Forman and Sriram, 1991) has looked at how ecological 
concern translates into modifications of purchase behaviour.
These studies have tended to focus on domestic (or household) consumers and have mostly 
concluded that these consumers are becoming more environmentally sensitive and are 
becoming more willing to modify their consumption patterns. Significantly, the research 
listed above has relied predominantly on self-report measures of consumer environmental 
purchasing behaviour and not on actual purchasing behaviour. Therefore care must be 
taken in interpreting this research since there must be a suspicion that these results are 
reflective of demand effects^ inherent in the method and measuring instruments.
Indeed, emerging evidence suggests a curious paradox - many green products have not 
achieved the level of market success which might be expected in a society which claims to 
be sympathetic to the environment. In many consumer product categories, producers have 
achieved disappointingly low levels of market share for their green innovations 
(Aspinwall, 1993). A recent survey into green consumption patterns in the UK suggests 
that the number of green consumers has increased only slightly since 1990, and at the same 
time the proportion of people who have not altered their spending habits despite 
environmental concerns has increased in the last few years (Mintel, 1991, 1995).
The question then is which figures should you believe, if any at all, and do all consumers 
behave alike or do some categories such as business-to-business consumers - a category of
 ^ For example if you are asked “are you concerned about the environment?” there is an implied demand to 
answer positively.
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consumer which has not received much research attention - behave differently? If so, what 
kind of trade-offs does this behaviour imply and what are the implications for marketers?
3. P r o je c t  A im s
This study aims to investigate the relative trade-offs company purchasing managers make 
when purchasing electronic and electrical products. If one assumes it is possible to 
categorise consumers into three basic categories^:
• Domestic, i.e. households
• Intermediate, i.e. retailers, and
• Business-to-Business, i.e. purchasing managers in the corporate and central and local 
government sectors,
then this research focuses on the last category and in so doing aims to specifically answer 
the question - “Are business-to-business consumers (in this case represented by corporate 
purchasing managers), willing to forego performance or pay higher prices to improve a 
product’s environmental performance, and if so by how much?”.
To meet this aim, the study chose to investigate two closely related products. The first, 
inkjet printers, are relatively long-lasting and involve an element of investment. The 
second product, inkjet cartridges, are much more frequently purchased and involve 
significantly lower per-transaction cost. At the same time both products belong to a 
product sector which is subject to rapid technological change and is increasingly being 
subjected to environmental performance pressures from consumers and regulators^. Indeed 
both products share attributes which have significant potential to impact the environment, 
either through using up valuable resources (e.g. energy, materials) or by creating large 
amounts of waste and potential contamination.
This study has chosen to investigate the business-to-business category, more specifically 
the behaviour of ‘Purchasing Managers’ from the private sector, since they are deemed to 
be the key informants on purchasing decisions. For example, Jackson et al (1984) have 
shown purchasing agents to have the majority of the influence in the purchasing of 
supplies. Likewise the purchasing behaviour of the purchasing managers also indicates the 
company’s own attitude towards the ‘greenness’ of supplier products, which is an 
important influence on attitudes within the purchasing company itself. Consequently 
because of their specific positions and responsibilities, knowledge of the trade-offs 
purchasing managers are willing to make is critical and powerful data for manufacturers. 
However because of the their uniqueness and added purchasing weight, this study has not 
attempted to achieve the sample rate of other studies which have examined general 
consumer behaviour.
From this point on, the word ‘consumer’ will only be used when referring to unspecified consumer types, and 
can therefore be taken as referring to all three categories, in all other cases the specific categories defined in 
the text will used.
 ^See for example the recent European Commission directive (1997)
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4. C o n jo in t  A n alysis - A  t o o l  fo r  M e a su r in g  T r a d e -O ff s
Conjoint Analysis is a market research tool which can be used to measure consumers’ 
trade-offs among products with many attributes. Conjoint analysis relies on the ability of 
respondents to make judgements about stimuli. For example, it is easier for a consumer to 
answer the question “are you prepared to pay £1000 to upgrade from a similar Ford to a 
similar BMW?”, than “what is the relative importance to you of a car’s brand and price?”. 
This is exactly the type of question asked of the consumer by the conjoint methodology^.
In conjoint analysis, the stimuli represent some predetermined combinations of attributes, 
and respondents are asked to make judgements about their preference for the various 
combinations of attributes. Conjoint analysis attempts to handle the problem of 
determining preferred features by systematically estimating how much each attribute is 
valued on the basis of the respondents’ choices between alternative product concepts.
Because questions are ‘framed’ closely and made concrete, conjoint analysis is distinct 
from the broad economic approach of contingent valuation. Furthermore since the conjoint 
method converts preferences for different performance attributes to a single variable, 
utility^, it is possible to quantify the relative importance of these to the respondents, which 
for this study is a sample of purchasing managers.
5. M e th o d o lo g y  a n d  C o n jo in t  R esults
In line with the study’s aim, a conjoint experiment was designed to measure the relative 
trade-offs purchasing managers m ^ e  when choosing inkjet printers and inkjet cartridges. 
Data from the study was analysed using conjoint analysis software developed by Bretton 
Clark^. The methodology used covered the following basic stages:
Stage 1: Specification o f separate conjoint experiments fo r  each product
Tables 1 and 2 in Appendix I summarise the performance attributes and levels used to 
describe the inkjet printer and inkjet cartridge experiments. Printer casing recyclate 
content and cartridge reusability are the environmental performance attributes included in 
each design. The performance levels specified for these attributes were defined so that they 
did not imply any direct financial or operational gain or loss to the purchasing managers 
interviewed. The idea was that utility values measured for these performance attributes 
would indicate only business-to-business consumer’s preference for environmental 
performance.
Stage 2: Stimuli design
Conjoint analysis works by asking respondents to rank in order of preference a set of 
product scenarios which have been specified using a common set of performance attributes
 ^Green and Srinivasen (1990) provide a good background on the history, theory, development and application 
of the conjoint method.
 ^Utility is an arbitrary unit used by economists to measure consumer satisfaction, pleasure or need fulfilment 
derived from consuming some quantify of a good.
* Other suppliers o f conjoint software include Sawtooth Software and Intelligent Marketing Systems. 
Carmone (1995) offers a usefiil review o f conjoint analysis software.
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and performance levels (in this case those described in Appendix I). Whilst each product 
scenario will be specified by the same set of performance attributes, the performance 
levels defined for each attribute will differ on at least one of the attributes. The most 
common way to display the product scenarios to the respondent is through a set of cards. 
Each card carries a description of the product using the pre-defined performance attributes 
and performance levels.
Stage 3: Data Gathering
The inkjet printer and inkjet cartridge conjoint experiments were carried out with 22 
purchasing managers selected firom 13 companies. On average two individuals were 
interviewed from each company; in each case these were chosen for their responsibility for 
purchasing IT equipment. The companies approached covered a wide spectrum in terms of 
size (ranging from SMEs to multinationals) and area of operation (consultancy to 
production).
Stage 4: Produce output results
Tables 3 and 4 in Appendix II summarise the average utility and attribute importance data 
calculated for the two experiments. A useful representation of this data is achieved by 
comparing utility levels with performance levels for each attribute. Figure 1 shows the 
utilities for ‘Price’ and Figure 2 shows the utilities for the ‘environmental’ attributes for 
the two product groups.
Printer/Cartridge Price Utility
Price - Cartridge £30£22.50£15
1.001.00
Printer
Cartridge -  0 .800 . 8 0 -
0 .600.60
0 .400.40
0.200.20
0.000.00
- 0.20- 0.20
-■ -0.40- 0 .4 0 "
-- -0 .60-0.60 --
-0 .80
£300£225Price -Printer
Figure 1 Price Utility Functions for Inkjet Printers and Cartridges
Part IV
Test Case 4/2
Graham Earl
Engineering Doctorate
Reference to Figure 1 shows that on average, everything else constant, the purchasing 
managers’ utility increases as the price of the inkjet printer and cartridge increases from 
£150 to £225 and £15 to £22.50 respectively. Their utility then decreases as the price of 
the inkjet printer and cartridge continues to increase from £225 to £300 and from £22.50 to 
£30 respectively. It is important to note that because some utilities are negative this does 
not indicate a negative pleasure. In this case total utility (for any one performance 
attribute) is constrained to sum to 0, therefore some are negative and some positive.
Disposable
Printer/Cartridge Environmental Performance Utility
Erxl of Life Option - Cartridge
RefiHaMe Recyclable
1.20120
Printer Recycle %
Cartridge End of Life Option
0.800.80
0.400.40
0.000.00
-0.40-0.40
-0.80-0.80
- 1.20- 1.20
100%50%0%
Recycle Content - Printer
Figure 2 Environmental Performance Utility Function for Inkjet Printers and 
Cartridges’
Reference to Figure 2 shows that utility falls almost linearly as the recycle content of the 
inkjet printer’s casing increases from 0% to 100%, whilst in the case of the inkjet cartridge 
utility falls off less sharply as the cartridge changes from a disposable to a refillable one 
and then more sharply as it is changes from a refillable to a recyclable version (See Table 
2, Appendix I for detailed definition of the cartridge performance levels).
6. K e y  F ind ing s
Price is invariably and not surprisingly an important attribute. However, reference to 
Figure 1 shows that, all other things constant, the lowest priced inkjet printers and 
cartridges are on average not routinely preferred (have higher utilities) over higher price 
versions. In fact the detailed individual results show that for inkjet printers only 22% of
 ^The scales shown in the figgure are not meant to imply that refillable cartridges are more ‘environmentally 
friendly’ than recyclable ones - the order shown in the figure’s scale is simply a result of the utility results.
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purchasing managers consistently placed higher utilities on lower priced printers than 
higher priced ones, and for inkjet cartridges this figure was 14%. This behaviour suggests 
that the purchasing managers interviewed are inferring some kind of benefit associated 
with higher prices which are not defined on the conjoint card, or in other words an inferred 
price quality trade-off. Alternatively they doubt the credibility of the lower priced 
products described on the conjoint cards.
Recyclate content of the inkjet printer is on average an important negative feature. The 
utility function (see Figure 2) shows that on average purchasing managers prefer lower 
recyclate content over higher recyclate content. Indeed the analysis of the individual data 
showed that this was true for 85% of the purchasing managers interviewed. This behaviour 
implies that the interviewed purchasing managers simply do not wish to have inkjet 
printers made fi’om recycled plastics or that they associate some kind of product 
performance loss, not defined on the conjoint cards, to printers with higher casing recycle 
content.
The spent cartridge option attribute was deliberately defined so that the possible 
performance levels would not offer any financial incentive to the respondents. The value 
of each performance level would therefore relate solely to the importance placed on the 
cartridge’s environmental performance. Reference to Figure 2 shows that on average 
purchasing managers, all other things equal, prefer disposable cartridges over refillable or 
recyclable ones. Analysis of the detailed individual preference data showed that this was 
true for over two thirds of the data sample. The conclusion is that the interviewed 
purchasing managers prefer disposable inkjet cartridges: although they offer poorer 
environmental performance, they are easier to use, requiring no refilling or storing for 
recycling.
7. C o n c l u sio n s  AND Im plic a tio ns
The results analysis has deliberately focused on the spent cartridge option and recyclate 
content attributes, since these were introduced to ‘capfiire’ environmental performance as 
a selling attribute for the two products studied. In both cases, the environmental attributes 
were defined so that they do not directly imply financial benefits to the purchasing 
managers, to elicit any preference for environmental performance.
In this study, purchasing managers were required to think about and articulate their trade­
offs. Whereas a preference for environmental performance is often assumed, it is only 
possible to measure real preferences via trade-off decisions which include environmental 
performance as one decision criterion among several. The results from both conjoint 
experiments show that price and operational criteria are important for most purchasing 
managers. Casing recyclate content and cartridge re-usability are also shown to be 
important product features. To the extent that recyclate content and re-usability represent 
improved environmental performance, lower rather than higher performance is preferred.
7.1 Fa l se  Pe r c e pt io n s  a n d  M isc o n c e pt io n s
For inkjet printers, reference Figure 1 shows that purchasing managers place lower utilities 
on (i.e. are less satisfied with) printers with higher recyclate content. This means that for
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two printers with equal cost, each offering the same operational performance‘s, the printer 
made from ‘virgin’ material offers more utility (i.e. is preferred) over the same printer 
made from recycled materials. There are a few likely reasons for this behaviour:
1. The purchasing managers misunderstood the experiment’s definition of ‘recycled’ as 
used to describe the recycled content of the printer casing.
2. The purchasing managers perceive recycled products as inferior to new products.
3. The purchasing managers may have had poor past experiences with products which are 
recycled or made from recycled material.
The first reason is thought unlikely since a great deal of care was taken to fully define and 
explain each performance attribute. It was made very clear that the term ‘recycled’ 
referred only to the material used to produce the printer’s casing. Respondents were told 
they were comparing ‘printers with different amounts of casing recyclate content’ and not 
‘recycled verses new printers’. It was also made clear that this attribute was totally 
independent of the printer’s other attributes, i.e. the printer’s recycle content is not in any 
way linked with and can therefore not affect any of the other attributes used to describe a 
printer.
The second reason, driven by the purchasing manager’s own perception of what ‘recycled’ 
means, appears to be more likely. So based on the data - which shows purchasing 
managers (all other thing equal) prefer printers whose casing is made from virgin as 
opposed to recycled material - it is plausible to assume that the purchasing managers did 
not acknowledge that recycled means ‘as good as new’. Or in other words printers with 
casings made from recycled material are perceived as inferior or ‘nearly new’. Given that 
the purchase of a printer is longer term and can be seen as an ‘investment decision’, it is 
plausible to think that purchasing managers would be reluctant to invest in products 
perceived as ‘nearly new’.
This reluctance feeds into the last listed point and matches closely with the findings of 
Polonsky et al (1998). They found that business-to-business purchasers had clouding their 
future evaluation of newer ‘friendly’ products due to ‘bad’ past experiences. In other 
words it is not just product perception but poor communication which may be causing the 
behaviour recorded by this experiment.
The same study also concluded that price was not the most important business-to-business 
purchasing criterion being typically preceded in importance by product quality and 
reliability. Hence, given the arguably frequent and false negative quality perception of 
recycled products this may also go some way to explaining the preference by purchasing 
managers for the printers made from virgin and so presumably higher quality material.
This type of behaviour has created a difficult and very real challenge for many companies. 
Taking Xerox as an example, quoting Pierre van Goppemolle, Director, Rank Xerox 2000 
Strategy and Environment from their 1995 Environmental Report (Rank Xerox 1995):
In this case ‘performance’ was measured through the following attributes: print speed, print quality, 
reliability, service and support, and colour capability.
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"Externally, we have a number o f barriers to overcome: many o f  these are caused 
by misunderstandings about our environmental objectives and perceptions o f our 
re-manufacturing business. ”
Xerox consequently struggle, and continue do so with the misconception that their re­
manufactured photocopying machines are ‘refurbished’, use old components and are in 
some way inferior to ‘brand new’ products. In fact Xerox have found that the greatest 
resistance to their re-manufactured machines stems from public sector buyers. In some 
cases this is borne out by the organisation’s selection protocol, which may stipulate that 
only ‘brand new’ products may be considered for tender. Quoting once again from Xerox’s 
Environmental Report (Rank Xerox 1995);
"... Xerox is currently in discussion with the European Commission to seek its 
assistance in remedying the exclusions o f re-manufactured products by some 
public authorities in procurement contracts o f photocopiers ”
In other words. Xerox have found that buyers using public money, who are therefore 
accountable to tax payers, are reluctant to risk public disapproval by spending money on 
goods which are not ‘brand new’.
Perhaps this partly explains why ICL prefer to market their products as ‘second life’ rather 
that ‘re-whatever’, anticipating that the products are less likely to be devalued by the 
purchaser. However, the analysis reported here suggests that the problem is deep-rooted, 
not merely semantic. As suggested earlier, it is much more likely to be driven by purchaser 
perceptions. The answer therefore is not simply to change the name of goods or hide the 
fact that a product is re-manufactured; rather, it must address the cause, which in this case 
seems to be a lack of understanding.
7.2 G r e e n n e ss  IS NOT E n o u g h
The preference drivers for printer cartridges seem to be slightly different. Because the 
purchase of an inkjet cartridge is unlikely to be seen as an investment, it is more likely that 
operational and logistical criteria drive the purchase decision. The conjoint analysis results 
(see Figure 2) show that purchasing managers actively prefer disposable cartridges to 
refillable and recyclable ones“ . Given no financial benefit then the easiest and most 
convenient option is shown to be preferred. If the preference for disposable cartridges is 
seen as a proxy for convenience, then the analysis shows this is a much more important 
factor for the purchasing managers than any potential environmental gain.
In fact very similar behaviour was concluded from a study which interviewed 20 marketing 
managers from leading UK companies (Wong et al, 1996). This study found that the 
majority of marketing managers indicated that offering green attributes was important but 
experience with their own green products suggested, that greenness alone was insufficient 
to sustain consumer demand for the product. According to the managers, the mass of 
consumers attached considerable weight to other product attributes, such as performance.
" There are of course schemes which pay users for returned cartridges. However, this study specifically asked 
respondents to assume no ‘direct’ financial gain from reusable or recyclable inkjet cartridges. The aim was to 
measure whether respondents saw any ‘indirect’ values associated with the different disposal options studied.
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quality, image, safety and so forth. These results clearly coincide well with the essentially 
similar findings of Polonsky et al (1998) and serve to reiterate the conclusion that 
‘Greenness’ in itself is seldom the overriding determinant of product choice.
7.3 B u s in e s s -t o -B u sin e ss  C o n su m er s  Ar e  NO D iffer e n t
Looking specifically at ‘business-to-business’ purchasing, Kama and Heiskanen (1998) 
report that some manufacturers of electronic and electrical products claim to have noticed 
clear differences between ‘business-to-business’ consumers and domestic consumers with 
regard to environmental awareness. However this type of behaviour has generally been 
limited more to countries such as Germany and Sweden with social pressures to emphasise 
environmental performance. The implication is that ‘business-to-business’ consumers in 
countries such as the UK, where these pressures are weaker or absent, suffer the same 
misconceptions and lack of awareness as retail and domestic consumers.
Similarly, Business in the Environment (BiE) who have carried out research on the level of 
environmental engagement of the FTSE 100 top companies found a disappointing level of 
supply-chain management amongst the UK’s top companies (BiE 97). In reply to the 
question, "Does your company have an environment-focused supplier programme in 
place?", the survey found that only 38% of the companies interviewed responded with a 
positive answer.
The solution for manufacturers wishing to specify and sell their products using ‘green 
credentials’ is clearly not simple. On the one hand manufacturers see a diffuse and 
unspecified demand for environmental solutions, yet on the other hand there is very little 
hard evidence to show reward for their environmental improvement endeavours. In other 
words environmental consciousness is evident, yet ecologically conscious decision making 
is not.
Obviously there are exceptions to his rule, as identified by John Carew from Business in 
the Environment (Carew,1997), for example:
• BT report that they use environmental considerations in their purchasing decision­
making process;
• IBM carry out risk analyses of strategic suppliers;
• Nortel work with suppliers on specific environmental issues -  currently they are trying 
to tackle packaging issues by working together with Motorola;
• B&Q uses environmental management up the supply chain to increase market share; 
and
• Sainsbury are developing joint ventures in crop management.
Nevertheless the assumption that ‘business-to-business’ consumers are going to be the 
“forerunners of the environmentally conscious generation of customers of the future” 
(Kama and Heiskanen, 1998) appears to be ill-founded. A major challenge suggested by 
this study is that there is confusion and lack of understanding even amongst purchasing 
managers of what some environmental claims actually mean, especially their implications 
for the product’s performance and for the business in general. This problem is not helped
Part rv 11 Graham Ear*
Test Case 4/2__________________ ■  ' __________  Engineering Doctorate
by what also appears to be a lack of generally accepted environmental criteria for electrical 
and electronic products.
7.4 B a r r ie r s  TO G r e e n  P u r c h a sin g
Looking at it from the purchasing company’s perspective, BiE have identified two 
fundamental barriers faced by ‘business-to business’ purchasers wishing to improve their 
company’s supply chain management. The first is gaining policy commitment and the 
associated mechanisms and procedures to back it up. Assuming that purchasing managers 
might share similar obstacles to environmental mangers then a recent UK survey by ENDS 
(p 241, 1995) which showed that 74 percent of all environmental managers cite lack of 
management commitment as a key obstacle to their work, suggests that this is not a 
straightforward or easy barrier for purchasing managers to cross.
The second barrier is the application of the poorly understood approach of ‘whole life 
costing’. BiE claim to have found little or no evidence that ‘whole life costing’, which 
implies including the environmental imperatives of longevity, lower running costs and 
disposal costs, has been applied properly and as a matter of course in private and public 
sector procurement.
Underlying these barriers is a scarcity of available and reliable information about the 
environmental characteristics of products and services. In fact, Jean Cinq-Mars, Head of 
the Pollution Prevention and Control Division Environment Directorate, OECD, speaking 
at the Greening Government conference (Cinq-Mars, 1997) suggests that lack of 
information is sometimes considered to be the major obstacle to greener purchasing 
initiatives as it limits the development of multi-criteria specification of environmental 
characteristics of products.
7.5 E c o -L a b e l s  AND R e g u la t io n
Although third party labelling schemes may seem to offer a part solution, the role and 
significance of labelling are still unclear, especially since there seems to be little 
agreement on an internationally acceptable label. Recent analysis by the OECD (Cinq- 
Mars, 1997) on a few selected eco-labelling schemes concludes that such schemes have 
had little effect on consumer behaviour, except in those countries where consumers 
express strong environmental awareness.
Underlying all of this is an evolving regulatory environment. Particularly in the electronics 
sector this has been moving towards enforcing producer responsibility, with emphasis 
seeming to be on ‘end of life’ management (EOLM) rather than eco-design and is 
illustrated through the recent European Commission working paper on the management of 
waste from electrical and electronic equipment (1997). This European Union (EU) 
initiative has considerable implications for the development and design of electrical and 
electronic products. In this respect the paper outlines specific responsibilities for producers 
of electronic and electrical equipment, which taken together aim to;
• Eliminate toxic materials;
• Increase recyclability;
• Increase dismantability;
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• Increase the amount of recycled material; and
• Improve the reverse logistics associated with these products.
For example, a specific measure proposed in these guidelines is a reuse and/or recycling 
minimum target of 85% by weight‘d for all IT equipment (European Commission, 1997). 
The responsibility for achieving this target is placed firmly with the producer. To achieve 
it, producers will need to provide purchasers of electrical and electronic equipment, with 
the necessary information about the return, collection and recovery systems available to 
them, and also to emphasise their role in contributing to the recovery and re-use and 
recycling of end of life electrical and electronic equipment.
8. A  Str a teg y  fo r  C l o sin g  t h e  At t it u d e -B ehaviour  Ga p
Overall the picture for producers seems somewhat paradoxical. On the one hand the 
regulatory framework is looking to impose the responsibility for EOLM on the producer 
through ‘take-back’ requirements, to encourage the uptake of reusable and recyclable 
products and materials. On the other hand, this and other similar studies show that 
consumers, even the supposedly better informed ‘business-to business’ consumer, show an 
unwillingness to switch to ‘greener’ designs and products.
For example, Pegram Walters Associates (1994), in their INCFEN (Industry Committee for 
Packaging and the Environment) study into green packaging, showed that, while most 
people regarded packaging as bad for the environment, they still chose packaged goods 
over un-packaged alternatives when shopping. So although 88% of the sample considered 
there to be disadvantages to packaging, not all of them environmental, 68% thought the 
benefits of packaging, such as hygiene, convenience, product protection and information, 
outweighed these disbenefits, thus leading to their continued use.
The overriding theme suggested by these and other results is of an ‘attitude-behaviour’ gap 
or ‘words-deeds inconsistency’. Obviously green products are selling and this is being 
helped through government legislation and initiatives, however there are some 
fundamental barriers - such as misconceptions, lack of policy commitment, short termism, 
etc. - which are currently preventing the closing of this gap in terms of all consumer types. 
Clearly it would be unfair to fully associate ‘general consumer’ behaviour with that of 
business-to-business consumers, nevertheless this study suggests that there is certain level 
of homogeneity of behaviour.
On the positive side the electronics sector is leading the way in the implementation of the 
international environmental management standard, ISO 14001. Because this standard aims 
to push companies to greater understanding of the direct and indirect environmental effects 
of products throughout their life cycle, it should help with the marketing of ‘greener’ 
designs and closing of the attitude-behaviour gap. It would however be foolish to rely 
solely on ISO 14001 and emerging international eco-labels to solve the perception 
problems associated with ‘recycled’ or ‘reused’ products.
This figure is taken from the European Commission (1997) working paper and consequently may change.
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8.1 F o r m  R ela t io n s  w it h  St a k e h o l d e r s  t o  Re d u c e  M isc o n c e pt io n s  a n d  
B u il d  Re la t io n sh ips
It is probably much more sensible for manufacturers to become more proactive and start to 
develop in-house strategies to help specify, design and market their products. As a starting 
point, conclusions drawn from this study suggest that this strategy must aim to reassure 
purchasers on the validity and implications of all ‘green claims’. Relating this advice back 
to potential manufacturers of products made from recycled materials or components, a key 
message which must be accurately and effectively conveyed is that ‘recycled’ does not 
mean‘nearly new’ o r ‘second hand’.
Since consumers, especially householders, often distrust environmental claims, because 
they are perceived to be used to gain competitive advantage and can not easily be tested by 
consumers themselves, it is critical that manufacturers are able to demonstrate their 
credibility and develop an honest and trusting relationship with their stakeholders^^. To 
help achieve this, the manufacturing company must aim to identify what kind of 
information is used and needed by its different stakeholders, and then be proactive in 
ensuring that this information and the way it relates to their products reaches the 
stakeholders in a systematic way. Clearly there are many types of stakeholder, e.g. 
regulators, household consumers, business-to-business consumers etc, and since these 
‘groups’ are unlikely to all have the same needs, they will probably need to be managed 
differently.
Another key benefit of proactive communication is the opportunity of building stronger 
and longer lasting relationships with ones business-to-business contacts. Drumwright’s 
(1994) study into the use of environmental purchasing as an example of non-economic 
buying criteria, found that regardless of the motivation to build environmental criteria into 
the purchasing decision, once companies had started with it, there were no cases in which 
this practice was subsequently abandoned.
Similarly BiE (1992) suggest that companies engaging in inter-firm collaboration or 
partnerships in supply chains, can create opportunities for the supplier to embed its 
business in the customers’ value chain. Since each then has a vested interest in the others 
success this then creates a better environment for putting into place effective 
environmental solutions, resulting in shared environmental benefits, cost savings and or 
improved image.
8.2 D em o n str a te  THE W h o le  L ife  V a l u e  OF THE P r o d u c t
Secondly, and probably just as important, the strategy must ensure that if ‘green’ claims 
are being made, these are linked wherever possible to overall environmental policy and 
associated financial and operational gains for the business-to-business consumer. 
Addressing this challenge is given particular importance when viewed in the light of the 
finding by Drumwright (1994). She found that purchasing managers were generally 
unreceptive to the integration of environmental purchasing measures, preferring to focus
For example Toor (1992) reports that 63 percent o f consumers are suspicious of manufacturer’s green 
claims.
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on pricing and other economic criteria. Drumwright speculates that the possible driving 
force for these preferences are because:
“... purchasing professionals are not privy to information about corporate 
strategy... or that they filter out aspects o f strategy information that are not 
comparable with economic measures by which they are rewarded” (Drumwright, 
1994, p. 13)
All of this compounds the argument for using ‘whole life costing’ (WLC) to differentiate 
between products. Using this approach, the manufacturer will be much better placed to 
demonstrate any down-the-line cost reductions associated with improved environmental 
performance and, perhaps most importantly, the risk reduction benefits which can result 
through an increase in confidence amongst the business-to-business’s own stakeholders. 
This analysis confirms the views expressed, for example, by Stevels (1997).
Clearly, as suggested by Polonsky (1998) and Wong (1996), price or cost may not be the 
key purchasing factor for business-to-business consumers. In this case WLC can still serve 
a dual role by offering ‘quality’ assurance by identifying and quantifying related factors 
such as reduced repair costs.
Taking the example of inkjet cartridges, using ‘whole life costing’ principles will help to 
reinforce that reusable cartridges can in fact be cheaper for the purchasing company if 
potential disposal costs are factored in, or if the company is struggling with its 
environmental image. This research has shown that, unless links such as these are made, it 
is unlikely that purchasing managers will be willing to sacrifice convenience for the sake 
of environmental performance.
8.3 E d u c a t io n , T r a in in g  AND C o m m u n ic a t io n s
All of this of course must be underpinned through a basic platform of education, training 
and clear communications. No matter how good the eco-improvements that designers 
make to products, their potential to reduce environmental impacts is usually contingent on 
the behaviour of others, not least of which is consumer demand which makes it possible to 
compete and sell into the market place. The simple fact is that the best products can only 
impact on our environmental footprint if they are actually purchased and used in 
preference to products with poorer environmental performance.
9. F u t u r e  R e se a r c h
This study represents a starting point in trying to quantify the importance of environmental 
performance as a decision criterion in purchasing. In this case, the research has 
concentrated on the importance of environmental performance to ‘business to business’ 
consumers.
There are of course many other stakeholders who are interested in not only the 
environmental performance of the products but also of the manufacturing companies 
themselves. For example, as Stevels (1997) observed, company designers will benefit 
immensely and be better placed to develop ‘sustainable product designs’ if they can 
integrate stakeholder priorities into the design process. So, rather than incremental product
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improvements, the aim must be to move towards radically rethinking the way 
stakeholders’ preferences are provided for. Trade-offs have to be made between 
environmental and other criteria. To increase the credibility of these choices stakeholders 
must be involved in the decision process.
Future research must therefore look at ways to quantify the preferences and needs of a 
wider set of stakeholders, and to design decision processes which will allow these factors 
to be integrated into the traditionally closed, internal processes by which companies reach 
their decisions. Conjoint analysis - whilst effective with consumer type stakeholders - is 
clearly not flexible or adaptable enough to provide the full solution. Future research is 
therefore focusing on designing and validating a hybrid model which integrates the 
conjoint analysis methodology with other decision and quantification techniques (for 
example Earl et aVs (1998) Stakeholder Value Analysis Toolkit).
10. R e fe r e n c e s
Aspinwall, D. (1993), “Green Cleaning”, Home Economics and Technology, November.
Baldeijahn, I. (1988), “Personality Variables and Environmental Attitudes as Predictors of 
Ecologically-Responsible Consumption Patterns”, Journal o f Business Research, Vol. 
17, pp51-6.
BiE, CLPS and KPMG (1992), Buying into the Environment: Guidelines for Integrating the 
Environment into Purchasing and Supply,^ÏE,Eondon.
BiE (1997), The Index o f Corporate Environmental Engagement: 'Green Profile' o f the 
FTSE-100, Business in the Environment, London.
Carew, J. (1997), “The Supply Chain As A Catalyst For Environmental Change”, Green 
Procurement in Government, Queen Elizabeth II Conference Centre, 11 July.
Carmone, F.J. (1995), “Review: Conjoint Analysis Software”, Journal o f Marketing 
February, ppl 13-120.
Cinq-Mars, J. (1997), “Green Public Purchasing in OECD Countries”, Green Procurement 
in Government Conference, Queen Elizabeth II Conference Centre, 11 July.
Coddington, W. (1993), Environmental Marketing: Positive Strategies for Reaching Green 
McGraw Hill, New York.
Drumwright, M. (1994) “Socially Responsible Organisational Buying: Environmental 
Concern as a Non-Economic Buying Criterion”, Journal o f Marketing, Vol 58, p i-19.
Earl, G., R. Clift and T. Moilanen (1998). “Removing the Uncertainty in Environmental 
Investments: Integrating Stakeholder Values into Corporate Decisions”, in James, P 
and M. Bennett (eds.). The Green Bottom Line: Environmental Management 
Accounting -  Current Practice and Future Trends (Greenleaf Publishing).
ENDS (1995), Environmental Managers Call for Greater Support from Boardroom., 241.
Evans, R. (1990), “The Earth’s New Friends”, International Management, Vol. 7, p. 26-31
European Commission (1997) “Working Paper on the Management of Waste from 
Electrical and Electronic Equipment”, DG XI, E3/FE D(97), Director General XI 
Environment, Nuclear Safety and Civil Protection, 9 October, Brussels.
Part IV 16 Graham Eari
Test Case 4/2______  -      Engineering Doctorate
Forman, A.M. and V. Sriram (1991), “Attitudinal Differences between Dutch and 
American Consumers Regarding Ecological Problems and Solutions: An Empirical 
Investigation”, Jowr/76r/ o f Euromarketing, Vol. l,No2, pp. 213-232.
Green, P.E. and V. Srinivasen (1990) “Conjoint Analysis in Marketing: New 
Developments with Implications for Research and Practice” Journal o f Marketing, 
October, pp 3-19.
Jackson, W.D., J.E. Keith and R.K. Burdick (1984), “Purchasing Agents’ Perceptions of 
Industrial Buying Centre Influence: A Situation Approach”, Journal o f Marketing, Vol 
48, pp. 75-83.
Kama, A and E. Heiskanen (1998), “The Challenge of ‘Product Chain’ Thinking for 
Product Development and Design - The Example of Electrical and Electronic 
Products”, Journal o f Sustainable Product Design, Iss. 4, January, pp26-36.
Lawrence, J. (1993), “Green Products Sprouting Again: More Focused Efforts Avoid 
Con\xowQxsf\ Advertising Age, 10 May, p. 12.
Mintel (1991), The Green Consumer Report. London
Mintel (1995), The Second Green Consumer Report. London
Polonsky, M., H. Brooks, P. Henry and C. Schweizer (1998), “An Exploratory 
Examination of Environmentally Responsible Straight Rebuy Purchases in Large 
Australian Organisations”, Journal o f Business and Industrial Marketing, Vol. 13, 
Nol, pp. 54-69
Pegram Walters Associates (1994), Consumer Attitudes to Packaging. PWA 2769, 
prepared for INCPEN. London
Prothero, A. (1990), “Green Consumerism and the Social Marketing Concept: Marketing 
Strategies for the \990s” Journal o f Marketing Management, Vol. 6, No 2, pp87-103.
Rank Xerox (1995), Environmental Performance Report, Rank Xerox Ltd, Marlow, Bucks.
Schlegelmilch, B.B., G.M. Bohlen, and A. Diamantopoulos (1996), “The Link Between 
Green Purchasing Decisions And Environmental Consciousness”, European Journal 
o f Marketing, Vol. 30, No 5, pp35-55.
Schwepker, C.H. Jr and T.B. Cornwell (1991), “An Examination Of Ecologically 
Concerned Consumers And Their Intentions To Purchase Ecologically-Packaged 
Products”, Journal o f Public Policy and Marketing, Vol. 10, No 2, pp.239-60
Smith, G. (1990), “ How Green is my Valley”, Marketing and Research Today (The 
Netherlands), Vol. 2, pp. 76-82
Stevels, A.L.N. (1997), “Moving Companies Towards Sustainability Through Eco-Design: 
Conditions For Success”, Journal O f Sustainable Product Design, Issue 3, pp.47-55.
Toor, M. (1992), “ISBA’s Green Code Delays Government Legislation”, Marketing, 30 
January, pp. 8.
Wong, V , W. Turner and P. Stoneman (1996), “ Marketing Strategies and Market 
Prospects foe Environmentally-Friendly Consumer Products”, British Journal o f  
Management, Vol. 7, pp 263-281.
APPENDIX I: Performance Attributes and Levels
Performance Attribute
Name Description Levels
Price The purchase price o f the printer £300
£225
£150
Printer Quality The maximum print quality o f the printer Laser Quality to describe a printer that can 
print up to 600x600 dot per inch 
Good Quality to describe a printer that 
prints up to 600x300 dots per inch 
Average Quality to describe a printer that 
prints up to 300x300 dots per inch
Printer Speed The maximum print speed o f the printer 
when working in top quality mode, i.e. 
not in draft output
6 pages per minute 
4 pages per minute 
2 pages per minute
Service and 
Support
The service and support that comes as 
standard with the printer
Lifetime Service/Support. 
One Year Service/Support 
No Service/Support
Reliability The printer's intrinsic reliability 
performance
High reliability described through a 2% 
chance of breakdown in a year 
Medium reliability described through 6% 
chance of breakdown in a year 
Low reliabUity described through a 10% 
chance of breakdown in a year
Printer Casing
Recyclate
Content
Total amount o f recycled plastic material 
used in the manufacture o f the printers 
casing
100% recycled plastic content 
50% recycled plastic content 
0% recycled plastic content
Colour
Capability
The colour capability of the printer Black & White printing only 
Colour printing capability
Table 1: Performance Attributes and Levels: Inkjet Printer Experiment
APPENDIX I: Performance Attributes and Levels (Continued)
Performance Attribute
Name Description Levels
Price The price of an inkjet cartridge for use 
in an average inkjet printer
£30
£22.50
£15
Life The printing lifetime of the cartridge 
based on best quality print and 
approximately 3000 characters per page
750 pages 
500 pages 
250 pages
Colour The colour capability o f the cartridge Black and white only 
Colour
Re-Usability The ability of the cartridge to be re­
used after it has been used once. There 
is no cost advantage from refilling or 
recycling a cartridge.
Refutable. It is possible to refill the 
cartridge with ink and use it again. 
Recyclable. The cartridge is taken back to 
the manufactures for recycling. When you 
buy a new cartridge you will be given the 
option of handing in your old cartridge. 
Disposable. These cartridges can not be 
re-filled and will not be taken back by the 
manufacturer for recycling.
Table 2: Performance Attributes and Levels: Inkjet Cartridge Experiment
APPENDIX H: Conjoint Analysis Results
Attribute Level Average Utility'"* Relative Importance
Price 150 -0.17 2094
225 0.89
300 -0.73
Print Quality 300x300 -0.49 16%
600x300 0.81
600x600 -0.32
Print Speed 2p/m 0.23 9%
4p/m -0.49
6p/m 0.26
Recyclate Content 0% 0.66 21%
50% 0.38
100% -1.04
Reliability Low -0.17 10%
Medium 0.50
High -0.32
Service and Support None 0.61 16%
Limited -0.73
Extended 0.12
Colour Capability No -0.38 9%4
Yes 0.38
Table 3: Utility and Relative Importance Results for Inkjet Printer Experiment
Attribute Level Average Utility' Relative Importance
Price £30 -0.35 1994
£22.50 0.72
£15 -0.37
Lifetime 750 pages -0.26 3694
500pages 1.19
250 pages -0.93
Spent cartridge option Disposable 0.86 2994
Refillable -0.06
Recyclable -0.80
Colour No
Yes
0.47
-0.47
16%
Table 4; Utility and Relative Importance Results: Inkjet Cartridge Experiment
Utilities for each attribute’s performance levels are constrained to sum to 0, therefore some are negative and 
some positive.
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T e s t  C a s e  4/3
C o n t en ts  and  F o rm a t
Report No 4/3
Brief Title Biofilter Investment
Sponsor British American Tobacco (BAT)
Main vehicle: Type 
Title
Detailed Report
Stakeholder Value Analysis of British American Tobacco’s 
Decision to Invest in a Biofilter
Supporting Documents N/A
Sum m a ry
Background
British American Tobacco (BAT) is in the process of expanding its production capacity 
on its Southampton site. Essentially this has involved the building of new production 
facilities and moving over from a 16 to 24 hour shift. To achieve this expansion the 
company needed to submit and have accepted two separate planning permissions. On 
the basis of a proactive communications strategy and commitment to investments to 
minimise the impact of these changes on the local community the company was 
successful in its planning permission applications.
A critical component of the planning proposals was the building of a biofilter to abate 
the odours from the new facilities. Although largely retrospective the company wished 
to measure the value added to their business from the biofilter investment. More 
specifically the value added which is over and above the value gained from achieving 
the planning permission.
Project Objectives
From initial meetings with BAT it became clear that the biofilter option was chosen 
over other abatement technologies, largely because it was perceived as Best Available 
Technology, thus satisfying BAT’s wish to show commitment to the local community 
and the environment. This goal indicates that the impact on public image and local 
relations of the project was a critical success factor for the company as was managing 
the risk of plant shutdown. The aim of this project was therefore to quantify the 
biofilter’s ‘added value’ to BAT in terms of these critical success factors.
Highlights
A  methodology based around the SVA approach was designed to measure the less 
tangible stakeholder value of BAT’s decision to invest in a biofilter to abate odours 
from its cigarette production site in Southampton. This process has investigated the 
priorities and perceptions of a wide set of stakeholders of BAT’s biofilter investment
Part IV Graham Earl
Test Case Reports_______________________  ~   Engineering Doctorate
over a 14 month period. The stakeholders covered included internal employees, local 
residents and a selection of key decision makers and ‘influencers’ from Southampton.
The tools used included one-to-one interviews and questionnaires. The purpose of these 
investigative efforts was to define a set of specific objectives driving the decision and 
measure the ‘added value’ contributed to these objectives through the biofilter 
investment. The overriding conclusions emerging from this analysis can be summarised 
as follows:
• Odour from BAT’s site is has been an important issue and has historically resulted in 
complaints from local residents and as a consequence has become a matter of 
concern to many of Southampton’s key decision makers.
• BAT would not have received planning permission for expanding their site and 
operations without public commitment to an odour abatement investment.
• BAT launched a very successful communications programme, an important element 
of which was describing the biofilter and its operational abilities as an odour 
abatement device. Interviews and questionnaire responses from local residents and 
key ‘influencers’ indicated a very high level of performance expectation for the 
biofilter.
• Initial experience with the biofilter in operation is on the whole positive, and whilst 
not all stakeholder expectations have been fully met, the feedback generated strongly 
suggests that local residents and key ‘influencer’ stakeholders are satisfied with 
BAT’s approach. More specifically, the feedback suggests that the biofilter has 
directly added value to BAT by:
• Addressing a major priority issue for local residents and key ‘influencers’;
• Helping at the very least to maintain the company’s credibility and positive 
relations with local resident and key‘influencer’ stakeholders;
• Showing that the company is committed to managing its local relations and is 
investing in Best Available Technology;
• Helping to manage and mitigate business risk of shutdown by reducing the 
possibility of odour nuisance to local residents; and
• Effectively contributing to meeting BAT’s odour management targets.
Taken together the results of this analysis conclusively show that apart from the 
biofilter’s critical role in BAT’s expansion plans, it has also added significantly in terms 
of the company’s long term management of business risk, credibility and perception by 
local and key ‘influencer’ stakeholders.
The project has also shown the effectiveness of the SVA methodology. Not only has it 
demonstrated that non-financial performance indicators are important and that they can 
be linked to strategic objectives, but on a pragmatic level it has also shown that the 
SVA approach is both practical and offers methodological support for identifying and 
measuring non-financial values and linking these to the decision’s objectives.
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1. In t r o d u c t io n
This document details the process and results from the test case application with British 
American Tobacco (BAT) and investigates the added value from the company’s 
decision to invest in a biofilter to abate odours from its cigarette production site in 
Southampton.
The results from this study have been collated over a 14 month period starting prior to 
the biofilter’s commissioning and ending with a sixth month period of the biofilter in 
operation. The results can therefore be used to model the added value from the biofilter 
since measures of value have been collected prior and post operation.
This report has been structured to chronologically follow this analysis period. To help 
place the need for this investment into context, this report will start by giving some 
background on why the investment was needed, the various options open to BAT and 
the company’s stated aims for choosing the biofilter. The remainder of the report will 
aim to quantify both qualitatively and quantitatively the extent to which the biofilter has 
met these aims and hence provide an indication of its added value to BAT.
2. B a c k g r o u n d
2.1 H ist o r y
BAT (UK & Export) is a cigarette manufacturing subsidiary of British American 
Tobacco Company Ltd. It has operated in the port city of Southampton for over 80 years 
and employs around 900 staff with an annual wage bill of £25 million. Each year it buys 
£16 million in goods and services from regional suppliers. It has been manufacturing 
cigarettes on the current 25 acre site at Millbrook, an inner suburb of the city, for more 
than 25 years.
When BAT came to Millbrook, the factory was built on a green field site. As 
Southampton expanded westwards it has become surrounded by residential housing 
which either abuts the site or faces it across three perimeter roads.
In the mid - 1980’s BAT sought planning permission from Southampton City Council to 
build a tall high bay warehouse. The company did not undertake any community liaison 
programme to advise local residents or councillors of its plans before submitting the 
application and, consequently, faced strong and critical opposition. Although the 
warehouse application was eventually approved through an appeal to the Department of 
the Environment, the delays resulted in the capital commitment going to other projects 
and the construction did not go ahead.
In 1990/91, the company again began drawing up plans for new facilities at Millbrook. 
This time, the project - called Project Test after the nearby River Test - was for a 
comprehensive redevelopment of the site, eventually to cost £175 million.
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The expansion programme, driven by growing markets in the former Eastern Bloc, Far 
East and Africa, entailed a major construction and equipment programme including a 
high bay warehouse, new R&D centre, new production halls and a construction 
programme to last 3-4 years.
2.2 T h e  P l a n n in g  A p pl ic a t io n
BAT needed to obtain unconditional approval for its planning application by the end of 
1991 to ensure that its strategic plans could be met, retain the capital commitment and 
allow construction to commence in January 1992.
To help achieve this aim the company undertook a comprehensive communications 
programme with local residents, local regulators, councillors and planning officials. 
This involved;
• Two site based information fairs, to which local residents were invited. The fairs 
provided the opportunity for residents to view the proposals using computer 
animations and models and ask staff questions.
• Briefing session with key decision makers and infiuencers.
• Media briefing and press releases.
This aim was met in late 1991 with the original planning permission being accepted. 
BAT also wished to expand the site from a two to a three shift, or 24 hour operations, 
and therefore submitted a further application in 1993 once the building works had 
commenced.
To complement the earlier communication programme and underpin BAT’s planning 
permission for both site expansion and 24 hour working the company committed itself 
to a series of measures which aimed to minimise the disruption and impact of the 
expansion programme on local residents. This included:
1. Managing incoming traffic to the site, for example setting curfew hours and closing 
down an entrance gate.
2. Noise attenuation to new buildings.
3. Painting, lighting and planning of new buildings to maximise their visual appeal.
4. Odour control, through the installation of a biofilter.
5. Hot-line telephone number to take complaints.
3. P r o je c t  A im s
3.1 C o n t ex t
In terms of the company’s overall objectives for the Southampton site it is clear that 
both planning objectives - in 1991 for site expansion and in 1993 for 24 shift working - 
have been a success. Both applications were accepted and the company is now in a 
position to substantially increase its production capacity.
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However there are other less direct measures of the programme’s success which are also 
of interest to the company. In particular the importance and effectiveness of the choice 
of odour abatement technology. In this case the decision was made to invest in a 
biofilter to abate the odour from the site’s production facilities.
Odour has been an important issue for the company and the source of complaints in the 
past. For example, in the summer of 1993, 70% of complaints were odour related. 
Consequently it is both an issue of concern to local residents and also to local regulators 
and councillors. The Environmental Protection Act 1990, Part 1, guidance notes on 
tobacco processing (DOE, 1992), stipulate that,
the aim should be that all emissions from the process are free from offensive 
odour outside the process boundary, as perceived by the local authority 
Inspector. ”
Given that site expansion would lead to increased production there was a very real risk 
and threat that the company could face a statutory nuisance notice and possibly be shut 
down through an escalation of odour complaints and /or exceeding statutory boundary 
limits. To help tackle this risk and complement its planning permission application 
BAT committed itself to a major investment into a biofilter.
3.2 T h e  O ptio n s
The company had originally identified three generic options suitable for odour 
abatement:
1. Chemical scrubbing technology;
2. Thermal oxidation;
3. Biofilter
Scrubbing and thermal oxidation are tried and tested options, with odour removal 
efficiencies in the range of 40 to 80% for chemical scrubbing and over 95% for thermal 
oxidation. Research studies on the biofilter (based on non tobacco uses) indicated that 
in theory it was capable of achieving odour removal efficiencies as high as 97% 
(Robinson, 1995). However at the time of the investment decision there was very little 
hard evidence to prove that the biofilter would achieve this efficiency in its proposed 
capacity. Consequently, although the decision was made to pursue and invest in a 
biofilter, there were significant uncertainties and hence risks associated with its actual 
performance.
3.3 THE COST
The original budget allocated for the biofilter was £952,000. However by the end of 
1996, the actual cost had already escalated to £1,120,000, or 20% overbudget. The 
reason behind this goes back to the uncertainties associated with using a new 
technology in a new application. The running cost of the biofilter once operational are 
also not insubstantial, although not as high as some alternative technologies, for 
example incineration.
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3.4 P r o j e c t  O b j e c t iv e s
From initial meetings with BAT it became clear that the biofilter option was chosen to a 
large degree based on it being Best Available Technology, thus satisfying BAT’s wish 
to show commitment to the local community and the environment. This goal indicates 
that the impact on public image and local relations of the project was a critical success 
factor for the company.
The aim of this project was therefore to conclude whether the biofilter had brought any 
‘added value’ to BAT in terms of these critical success factors. In other words how 
effective has the biofilter been in meeting the underlying aims and objectives driving 
the investment. Alternatively it aims to answer the question “Has the investment in the 
biofilter, as opposed to a cheaper alternative, been worth it?”
4. M e t h o d o lo g y
The methodology underpinning this work evolved through the project work, and 
therefore the actual methodology and emphasis of the work differs somewhat from that 
originally developed and presented to BAT (See Appendix I for a copy of the proposal). 
The basic difference has been a re-focusing of the project towards quantifying the less 
tangible value impacts resulting from the biofilter.
As explained earlier it has not been necessary to justify the biofilter on financial 
grounds since the incremental financial benefits from site expansion far outweigh the 
associated incremental cost, of which the biofilter is an element. This was not clear at 
the outset of the project. Once this factor emerged, the project was refocused towards 
measurement of the biofilter efficiency in adding value in less tangible forms. The 
resulting methodology was based around three elements:
1. Identify and define BAT’s objectives for investing in the biofilter;
2. Identify and define stakeholder objectives and priorities regarding the biofilter and 
odour abatement;
3. Measure the biofilter’s performance against stakeholder and BAT objectives.
These basic steps were carried out over a period of 14 months and involved a series of 
one-to-one interviews and questionnaires. The process followed, its chronological order 
and output at each stage are presented in Figure 1. This process can be split into three 
separate streams.
Internal BAT Stakeholders
Interviews with internal BAT employee stakeholders to define their objectives, risks 
and targets for the biofilter.
Key Influencer Stakeholders
Before Commissioning: Structured one-to-one interviews with key infiuencers, for 
example local councillors, MPs, regulators, prior to biofilter commissioning to define 
their priorities, perceptions and views on BAT and its investment in the biofilter.
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After Commissioning: Follow up questionnaire to measure their perception of the 
biofilter after 6 months operation in terms of its operational performance and the extent 
to which it has met their expectations and added value to their relationship with BAT.
Local Residents
Before Commissioning: Questionnaires to local residents known to have complained of 
odour in the past to define the nature of the odour problem, its importance relative to 
other issues and their expectations for the biofilter.
After Commissioning: Follow up questionnaire to measure the residents’ experience 
with odour, its relative performance and the extent to which the biofilter has fulfilled 
their original expectations.
The before and after approach was used in order to define the added value accruing not 
just from BAT’s commitment to the biofilter but based on experience of its actual 
performance. By cross comparing actual stakeholder experiences and views of the 
biofilter with BAT’s objectives it is therefore possible to define the extent to BAT’s 
objectives have been met and therefore conclude on the added value resulting from the 
biofilter investment. Because these results are based on actual experience with the 
biofilter, it is fair to say they form a reasonably robust measure of the added value 
accruing from the biofilter.
■s « 
« | ;  
II
I I
î
‘â
I
I(U
g
m
U
il
I
Q
ï
I
.2m
i
h
î î
F
i
I(U
g
I
<
g
I
Q
vo
o \Os
I
5J
i!
I l- Æ 
1 1
IIS
\o
o \On
î
NO
ON
ON
î
I
I
c3
i
- ►
c^
On
0 \
I
If
I
C/3
I
I
s
I
I
1
I
§
î
i
ûû
C  \0
i
I
Ph
I
"Q
O
Z
£&
Part IV 7 Graham Earl
BAT - Test Case 4/3__________■   Engineering Doctorate
5. A nalysis
The following three sub-sections outline the results from the three phases outlined 
above and shown in Figure 1. The first sub-section details the results from the internal 
BAT interviews. The next two sub-sections set out key ‘influencer’ and local 
stakeholder experiences with the biofilter and relate these back to BAT’s aims and 
objectives in order to gain indicators of its added value to the company.
5.1 In t e r n a l  In t e r v ie w s
Eight interviews were carried out with a cross section of BAT employees chosen to 
represent a wide range of operational and managerial responsibilities. Each interview 
lasted approximately one hour and followed a protocol questionnaire (See Appendix II 
for a copy of employee questionnaire). The eight interviews were with personnel with 
the following job titles:
UK Operations Manager 
Principal Scientist 
Head of R&D 
Project Test Manager 
Finance Manager 
Health and Safety Manager 
Group Environment, Health and Safety Manager 
Technical Manager
The interviews were designed to be informal, yet remain focused and therefore a 
protocol questionnaire was used. Each interviewee had the chance to study the 
questionnaire prior to the actual interview. The basic line of questioning was designed 
to elicit the opinions of the interviewees on:
• The overall aim driving the biofilter decision;
• Specific targets set for the biofilter;
• Risks associated with the biofilter;
• The strategic implications of the investment;
• BAT’s objectives and issues governing the biofilter investment.
The output of each interview has been analysed in terms of the areas defined above and 
on this basis it has been possible to define the principal factors emerging from the 
interviews. These are summarised below.
5.1.1 Overall Aim
Each interviewee was asked to define, from their stakeholder perspective, the 
overarching aim for investing in the biofilter. Two basic responses emerged, and these 
are summarised in Table 1 below.
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No Aim Achieved at 
time of 
interview
Biofilter
Performance
Dependant
1 To support the company’s planning application Yes No
2 To manage the site’s business risk by improving 
local relations and helping to maintain 
compliance to environmental legislation
No Yes
Table 1 Overarching Aims
Clearly both these responses or approaches focus on the site’s capability to produce 
cigarettes. The basic difference between the two aims is their timescale of achievement. 
The first approach is relatively short term, to a large extent independent of the 
biofilter’s actual (as opposed to theoretical) performance and at the time of the 
interviews this aim had already been achieved. The second approach is longer term with 
its probability of success being very much linked to the biofilter’s actual performance. 
Since the biofilter had not yet been commissioned at the time of the interviews, it was 
unknown whether this aim would be achieved.
The emphasis of this research is therefore to conclude on the biofilter’s success in 
meeting the second aim detailed in Table 1 above.
5.1.2 Targets
Each interviewee was asked to quantify specific targets whth respect to the investment. 
The targets specified in all cases were dependent on the biofilter’s odour removal 
performance, although in some cases achievement of the target would also depend on 
how the biofilter’s performance is perceived by local stakeholders. Clearly people’s 
perception of odour is very personal and it is eminently possible that people may think 
the odour is worse even if the odour intensity (measured in odour units per m ,^ see 
GEN, 1994) has been reduced through the biofilter. Furthermore people’s expectation 
will also play an important role in defining their perception of the biofilter’s 
performance. The targets identified are listed and classified in Table 2 below.
No Target Biofilter
Performance
Dependant
Stakeholder
Percêption/Expectation
Dependent
1 Zero odour complaints inside 
and outside plant
Yes Yes
2 95% odour removal Yes No
3 Showpiece Avithin BAT and 
Tobacco industry
Yes Partly
4 Win Queens award Yes No
5 Zero Local Authority 
Restrictions
Yes Yes
Table 2 Biofilter Targets
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5.1.3 Risks
The interviewees were asked to identify the major risks associated with the biofilter 
investment. Table 3 below summarises the major risks identified, their potential sources 
and worst case consequences.
Risk Source of risk Worst Case 
Consequence
Managing expectations i)Dealing with 70% of smells but locals 
expect all odours to be tackled
ii)Epicentre of odour concentration will 
be moved so may create new nuisance 
to ‘non conditioned’ residents
Shutdown
Technical Risk i)Untested technology
ii)Doubling of impact potential due to 
increased production
Shutdown
Media stories Pressure from anti-tobacco lobby Poor Image
Tables Major Risks
5.1.4 Strategic Implications
The majority of the interviewees felt the investment was highly strategic although there 
was one exception who felt the investment was purely reactionary. Both these views are 
summarised in Table 4 below.
View:::;::!:"::'-^ Underpinning Reasons
Strategic i)the biofilter allows site expansion
ii) the investment will have long term implications
iii)the biofilter helps to meet corporate responsibility and 
environmental performance commitments
Non Strategic i)The biofilter is an end-of-pipe solution.
ii)BAT need to tackle odour problem at source
Table 4 Strategic Viewpoint
5.1.5 Specific Decision Criteria and Objectives
The analysis so far has shown that BAT wished to use the biofilter investment as an 
integral component of its planning permission application (see Table 1, p8). At the time 
of this project this aim had been achieved. However the company also wishes to 
manage its business risk. In this respect therefore the interviews were able to define 
some more specific performance criteria which underpin and contribute to meeting this 
aim. These criteria have been classified into 7 basic ‘core areas’ of performance, each 
of which has been further broken down into a number of sub criteria or ‘ingredients’. 
The core areas and ingredients are summarised in Table 5 below.
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Core Area 
Technical Issues
Ingredients
Maintenance 
Simplicity 
Availability of parts 
Raw material sourcing
Cost Most efficient use of financial resources
Environmental Performance Energy
Waste
Hazardous materials 
Resources
Credibility/Image Greenness 
Gain trust
Odour Performance Reduce complaints 
Odour removal efficiency 
Meet legislation
Demonstrate use of Best 
Available Technology
New/Best Technology
Improve Stakeholder Relations Meet expectations 
Share information 
Consider stakeholder needs
Table 5 Core Performance Areas and Ingredients
5.2 K e y  INFLUENCERS
Nine one-to-one interviews were held with a selection of key stakeholders, from here on 
referred to as ‘infiuencers’. The individuals were chosen due to their areas of 
responsibility and ability to influence local opinion, regulatory and planning decisions 
and included:
• Chairmen of both local residents associations
• Environment Health and Safety Officer (EHO)
• Local Planning Officer
• Both Southampton’s MPs^
• Three local ward Councillors
Similar to the internal interviews (see Section 5.1) a protocol questionnaire was 
followed (See Appendix HI for a copy of the questionnaire used.). This was designed to 
probe the following areas^:
Why they felt they were a stakeholder; 
Their perception of BAT in general;
 ^ Although both MPs agreed to meet the researcher, only one of them was forthcoming with any useful 
information. The uncooperative MP seemed to be afraid that his responses might somehow be used to 
undermine him by his political opponents.
 ^ In each case the emphasis was for the individual to represent the view of the group they represent. For 
example councillors were asked to represent the views of their ward residents
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• Their view on BAT’s performance with respect to. a list of ways BAT may be 
impacting their representatives, for example through noise, odour, traffic etc.;
• Their priorities for the list of impacts.
The stakeholder was then asked if they had any knowledge of major investments on 
BAT’s site aimed at mitigating and or managing some of the key impacts emanating 
from the site. If the biofilter was mentioned, and all stakeholders did mention it, then 
the second part of the questionnaire was followed. This section of the questionnaire 
focused on the biofilter and aimed to determine:
• The importance of the biofilter to the stakeholder and their representatives;
• Whether they felt the investment was Best Available Technology;
• If they felt BAT had done more than was necessary and if and how this may bring 
value to the company;
• The level of expectation regarding the biofilter’s performance;
• BAT’s communication process.
As detailed in the methodology section, each stakeholder was also sent a follow-on 
questionnaire (after sixth months with the biofilter in operation) to gain a measure of 
their perception and priorities based on a period of its operation. Of the eight 
questionnaires sent out 3 were received back. The questionnaire is reproduced in 
Appendix in.
The results have been collated into a series of tables, each of which summarises the 
basic ‘headlines’ resulting from each interview and follow-on questionnaire (where 
appropriate). In order to help judge the impact of these statements on BAT’s decision, 
the stakeholder feedback has been classified against the core aims identified by the 
internal interviews with BAT staff (see Table 5 ) and in each case a subjective attempt 
had been made to define whether the impact on BAT has been positive, negative or 
neutral. This analysis is summarised in Table 6 to Table 13.
During the interviews stakeholders were also asked to quantify their priorities for a list 
of ways the company may be impacting local residents. It was explained to each 
stakeholder that their priorities should reflect the relative importance of the issues to 
them and the people they represent, and not reflect the company’s performance against 
a particular issues. Not all stakeholders were able to complete this exercise; therefore 
Figure 2 only shows the priority result from five interviews.
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Issue Weights
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S  Average i
Issues
Figure 2 Key Influencer Priorities
5.2.1 Summary
Table 14 below attempts to summarise the findings fi’om the ‘Key Influencer’ 
interviews and follow on questionnaires.
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BAT’s Aims Performance
Impact
Summary
Notes
Credibility Improved Interviews and questionnaire feedback is on the 
whole positive. There is a feeling that BAT are 
living up to their promises and there is 
agreement that the biofilter was a proactive 
step by the company.
Minimise Odour 
Nuisance
Mixed Performance expectations for the biofilter are 
high and to a great extent are being met. 
However their is a concern that not all odour 
sources on the site are being tackled.
Demonstrate use of Best 
Available Technology
Achieved There seems to be an impression that BAT can 
and should afford the best technology. The 
scale, expense, greenness and technical 
features of the biofilter have all helped to 
convince stakeholders of the technology’s 
effectiveness.
Stakeholder Relations Improved Stakeholder feedback suggest that BAT is 
generally perceived as approachable and 
willing to meet local concerns. The biofilter 
investment is seen as further evidence. The 
initial engagement activities are viewed as very 
positive and there is a feeling that the company 
has done as much as it can to minimise the 
odour impact of its site.
Communication Process Poor The initial communication process was seen as 
very positive but most stakeholders cited a 
rapid tailing off following the planning 
permission decision. Given delays in 
commissioning the biofilter, most feel it would 
have been better for BAT to formally or 
informally keep them informed on progress.
Address main issue Achieved The priority results show that odour is the 
principal concern for the key stakeholders.
Table 14 Key Influencer Summary Results
5.3 L o c a l  St a k e h o l d e r s
5.3.1 Method
Residents who had complained of odour in the past were contacted by phone to enquire 
if they would be willing to receive a questionnaire concerning their perception of BAT
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and odour. The researcher was provided with the details of 13 residents of which it was 
possible to reach 12, all of whom agreed to take part.
Of the 13 questionnaires mailed, 12 responses were received (the missing questionnaire 
was sent to the only household it was not possible to reach by phone). Each household 
was asked whether they would agree to take part in the follow up exercise (after 
biofilter commissioning), with a 100% success rate. See Appendix IV for a copy of the 
first questionnaire sent.
The follow-on questionnaire was sent to the same sample in October 1997. Of the 12 
questionnaires 9 were returned filled in and the other three residents wrote back to say 
they had moved and could not participate. See Appendix IV for a copy of the follow on 
questionnaire.
The results from both questionnaires have been analysed in isolation and the results 
reported to BAT in the form of interim reports. (See Appendix V). Feedback has also 
been sent to participating residents.
5.3.2 Analysis
This analysis summarises the major findings from the two sets of questionnaires 
Expectations
The initial questionnaire asked residents to indicate their expectations with regard to the 
biofilter's odour removal performance. This data is summarised in Figure 3 below.
BIOFILTER ODOUR REDUCTION EXPECTATION
35%
30%
25%
20%
15%
10%
5%
0% 4-
0% FALL 25% FALL 50% FALL 90% FALL 100% FALL
Figure 3 Performance Expectations
Reference to Figure 3 clearly shows that in general expectations for the biofilter’s 
performance are high. Two thirds of the sample expected odours to fall by at least 90%.
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This clearly justifies the decision team identifying ‘not meeting expectations’ as a 
significant risk for the biofilter project.
Odour Impact
The follow-on questionnaire measured peoples perception of odour in the past year. 
This data is summarised in Figure 4 below.
Have you noticed any difference in the intensity 
of the odour since this time last year?
the odour is 
much less 
o#ensivs
the odour is a 
little less 
offensi\Æ 
33%
the odour is 
much more 
offensive 
22%
the odour has 
become a little 
more offensive 
0%
no change 
33%
Figure 4 Odour Intensity
Reference to Figure 4 shows that in general most residents feel that offensive odour has 
become better (at least not worse) in the past year. Since this period covers the last six 
months, which are summer months when odour is normally worse and the period during 
which the new production facility has been on line, and this period coincides with the 
operation of the biofilter, the biofilter would seem to be having a positive effect.
Frequency
Both the initial and follow on questionnaire (See Appendix III) investigated the 
frequency with which the sample were affected by and complained to BAT about odour. 
Figure 5 and Figure 6 below show how this data has changed over the 12 month period 
between the questionnaires.
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Frequency of Complaints □  B asecase  
ES112 months later
70% 1
60% y
50% -  
40% f- 
30% 1
20% T 
10% ^  
0%  -
NEVER RARELY FREQUENTLY
Figures Frequency of Complaints
Frequency of Odour □ Basecase 0 1 2  months later
60%
lit LU U 11 CO O
Figure 6 Frequency of Odour
Reference to Figure 5 and Figure 6 shows that frequency of odour being a nuisance and 
people complaining about odour has fallen between the base case (no biofilter) and 12 
months later once the biofilter had been operational for 6 months.
Performance versus Expectations
The follow-on questionnaire asked residents to indicate the degree to which the 
biofilter’s actual performance fulfilled their original expectations and their perception 
of its odour abatement efficiency. This data is summarised in Figure 7 and Figure 8 
below.
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Biofilter’s performance vs expectation
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Figure 7 The Degree to Which the Biofilter Fulfils Expectations
How efficient do you think the biofilter has been 
in abating odours from BATs site
Odours from the 
site seem to be 
totally removed 
by the biofilter 
11%
Odours from the 
site seem 
worse because 
of the biofilter 
11%
Odours from 
the site seem 
much reduced 
by the biofilter 
33%
Odours from 
the site seem 
unaffected by 
the biofilter 
44%
Figure 8 The Biofilter’s Perceived Efficiency
The message given through Figure 7 and Figure 8 is quite mixed. In general it is 
possible to conclude that although odour is perceived to be improved in the area, due to
Part IV
BAT - Test Case 4/3
26 Graham Earl
Engineering Doctorate
fairly high original expectations (see Figure 3), residents feel that it is not meeting their 
expectations and as a consequence feel that its performance is not as high as it ought to 
be.
Priorities
Residents were asked to rank in order of importance some common general issues 
associated with an industrial site. This data is summarised as Table 15 below.
Impacts Rank (Average)
Odour 1
Noise 2
Visual Impact 3
Dust Emissions 4
Traffic 5
Environmental Performance 6
Employment Opportunities 7
H&S Issues 8
Input To Local Economy 9
Table 15 Average Rank Order of Issues for Residents
Reference to Table 15 shows that the three most important issues to residents in order 
of importance are; Odour, Noise and Visual Impact. In fact detailed analysis of the 
results showed that odour is chosen as the most important issue by 75% of respondents. 
Given that these residents are known to have complained about odour in the past this is 
not entirely a surprising result.
5.3.3 Summary
Before attempting to summarise these results it is important to note that the data is 
based on a very specific set of residents and only includes responses from residents who 
are known to be sensitive to odour. In this respect therefore it is not representative for 
the local community as a whole and can probably be viewed as a worst case scenario. 
Table 16 below summarises the major trends emerging from the data analysis.
Factor Data trend Comment
Performance i)Odour impact improved
ii)Odour intensity fallen
iii)Complaints down
iv)Frequency nuisance down
i)Production has increased and odour 
same or better
ii)Odour from old production facility 
and secondary ventilation still a 
problem
Expectations i)Odour is better, but below 
expectations which are only 
partially met or not met
i)Initial study showed very high 
expectations
ii)Sold 100% solution yet is only 70%
Table 16 Summary Local Stakeholder Analysis
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6. O v er a ll  A nalysis AND F indings
This section aims to bring together the key findings from the interviews and 
questionnaires and relate this directly to BAT’s objectives, risk and other targets 
identified for the biofilter investment.
Addressing Main Priorities
The research has shown that odour is both a significant impact in the locality and a 
principal area of concern. For example, odour is one of the main issues local residents 
complain about and all of the influencer stakeholders were acutely aware of odour as a 
problem in the area. Similarly the priority measurement exercises showed that odour 
was one of the top three issues for the key influencers and local residents sent 
questionnaires.
In this respect therefore odour can certainly be classified as both an important and a 
significant issue to local residents and key influencers. BAT’s decision to make a 
substantial capital investment in a biofilter, to address odour, therefore demonstrates 
sensible use of financial resources since it is addressing a principal area of concern.
Improve Stakeholder Relations and Credibility and Demonstrate use o f Best 
Available Technology
The initial interviews and follow-on questionnaires demonstrate quite convincingly that 
BAT has been largely successful in improving its credibility and relations with key 
influencers as a direct result of the biofilter investment. In general the data indicates 
that BAT would have met considerable opposition to its plans without a significant 
technology investment to abate odour from its site. Indeed all the key stakeholder 
responding to the follow up questionnaire thought (agreed or strongly agreed) that 
BAT’s decision to invest in the biofilter was a positive and proactive step. Furthermore 
all indicated that they thought the biofilter had reduced odours from the site and that the 
biofilter had met their performance expectations.
BAT have also been successful in demonstrating the biofilter as a novel and green 
solution and as ‘Best Available Technology’ to manage odours from their site. Although 
expectations are high, the interview responses tend to suggest that the key influencers 
view BAT as a financially successful company which can and should buy the best. 
There is also acknowledgement that the company is “doing more than absolutely 
necessary” and this is appreciated.
Given the high expectations and already good opinion of the company, the biofilter 
investment can at the very least be viewed as maintaining the company’s credibility and 
local relations.
Management o f the Communication Process
BAT’s communication process has been an integral component of their planning 
permission applications and has not been specifically addressing the biofilter 
investment. Findings from the interviews with ‘key influencers’ suggest that starting
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from a very high profile campaign there has been quite rapid tailing off of 
communications on the plant’s expansion works and biofilter commissioning. In fact 
many of them connected the falling off of communications with the granting of the 24 
hour shift planning permission, so to some extent they felt a degree of cynicism about 
BAT’s intentions.
The stakeholders who were more involved with BAT and local residents on a regular 
basis felt that it would have been beneficial to provide some updates on the biofilter’s 
progress. Apart from keeping themselves up to date they mentioned it would also have 
helped them answer residents’ questions on odour and the biofilter. The view was that 
rather than being pro-actively told about progress, they needed to be able to ask BAT 
about progress.
Management o f Risks and Expectations
Measurement of local residents experience with odour indicate that there is still some 
room for improvement. There are number of possible reasons behind this:
1. Certain residents will complain no matter what BAT do. This is a fact recognised by 
most of the key influencers.
2. Residents may have unrealistic expectations.
3. Residents may be unaware that the biofilter is not presently designed to process all 
potential odours from the site; there still exist sources of odour which are not 
controlled. Indeed the regulator noted that “the biofilter whilst dealing extremely 
well with odours from the new manufacturing facilities (PMD), fugitive emission 
and potentially odours from the old manufacturing facilities (DRF) seem not to have 
been changed and thus odours outside the process boundary may not seem changed”.
Feedback from the key influencers suggest that their expectations regarding the biofilter 
where on the whole being met. Furthermore feedback from BAT indicates that the level 
of odour complaints had fallen after the biofilter had come on line.
On the whole it is probably fair to say that odour impact in the area has improved 
through the installation of the biofilter; however for residents most sensitive to odour, 
with very high, and possibly unreasonable expectations, odour still remains a problem. 
The biofilter is clearly still being ‘run in’ so their is potential for its efficiency to 
increase, but apart from this it is important that BAT address the odour sources on the 
site which are presently not abated. It is felt that this is a particularly critical issue, since 
their is a significant risk that the currently small proportion of odours which remain 
unabated could potentially overshadow the benefits from the biofilter’s abatement of 
the majority of the odours.
Assuming BAT continue to address odour from their site in a responsible manner and 
make plans for dealing with the fugitive odours currently not abated, then it is unlikely 
that the company faces any significant level of risk of shutdown due to odour nuisance.
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Targets
The interviews with BAT employee stakeholders identified a number of ambitious 
targets for the biofilter. On the basis of the interviews, questionnaires, complaints levels 
and measurements of the biofilter’s efficiency it is possible to determine the degree to 
which these targets are currently being achieved. See Table 17 below.
Target Achieved Comments
Zero odour 
complaints 
inside/outside
No Still odour problems from other sources
95% odour removal Yes The biofilter is still ‘bedding in’ so there is 
potential to further increase efficiency
Showpiece within 
BAT/ industry
Probably The biofilter is recognised as Best Available 
Technology and at the same time this is a 
unique application of bio-technology so there 
is considerable scope to gain industry-wide 
approval and credit
Win Queens award Potentially See above
Avoidance of LA 
restrictions
Yes The company needs to address odour sources 
not currently controlled to fully ensure this 
target is met long term
Table 17 Summary of Targets and Level of Achievement
7. C o n clu sio n s
This project has investigated the priorities and perceptions of a wide set of stakeholders 
of BAT’s biofilter investment over a 14 month period. The stakeholders covered have 
included internal employees, local residents and a selection of key decision makers and 
influencers from Southampton. The tools used included one-to-one interviews and 
questionnaires. The purpose of these investigative efforts has been to define a set of 
specific objectives driving the decision and measure the ‘added value’ contributed to 
these aims through the biofilter investment.
The overriding conclusions emerging from this analysis can be summarised as follows:
• Odour from BAT’s site is an important issue and has historically resulted in 
complaints from local residents and as a consequence has become a matter of 
concern to many of Southampton’s key decision makers.
• BAT would not have received planning permission for expanding their site and 
operations without public commitment to an odour abatement investment.
• BAT launched a very successful communications programme, an important element 
of which was describing the biofilter and its operational abilities as an odour 
abatement device. Interviews and questionnaire responses from local residents and
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key influencers indicated a very high level of performance expectation for the 
biofilter.
Initial experience with the biofilter in operation is on the whole positive, and whilst 
not all stakeholder expectations have been fully met, the feedback generated strongly 
suggests that local residents and key influencer stakeholders are satisfied with BAT’s 
approach. More specifically, the feedback suggests that the biofilter has directly 
added value to BAT by:
• Addressing a major priority issue for local residents and key influencers;
• Helping at the very least to maintain the company’s credibility and positive 
relations with local resident and key influencer stakeholders;
• Showing that the company is committed to managing its local relations and is 
investing in Best Available Technology;
• Helping to manage and mitigate business risk of shutdown by reducing the 
possibility of odour nuisance to local residents; and
• Effectively contributing to meeting BAT’s odour management targets.
Taken together the results of this analysis conclusively show that apart from the 
biofilter’s critical role in BAT’s expansion plans, it has also added significantly in terms 
of the company’s long term management of business risk, credibility and perception by 
local and key stakeholders.
8 . RECOMMENDATIONS
The analysis has highlighted two fundamental areas which need to be addressed in order 
to maintain and or add to the benefits accruing from the biofilter investment. These are:
• BAT should continue dialogue with stakeholders. Feedback suggests that the initial 
‘Planning Application’ driven communication process has been useful and helpful. 
The company should continue to work with external stakeholders and tell them about 
their plans and progress. This factor remains critical to maintaining the BAT’s 
continued credibility.
• BAT need to tackle the secondary ventilation sources which are currently not fed 
through the biofilter and remain unabated. Unless such measures are taken, there is a 
significant probability of continued complaints and falling off of support from local 
residents and key influencers.
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1. In t r o d u c t io n
British-American Tobacco (from here on referred to as BAT) are interested in measuring 
the total value impact of their decision to invest in a biofilter to abate odours from its 
cigarette production plant in Southampton.
The Engineering Doctorate (EngD) research into holistic value assessment of 
environmental investments was proposed to BAT as a vehicle for the Total Value 
Assessment (TVA) of the biofilter option. At this meeting it was agreed that the EngD 
research and BAT would mutually benefit from a “test case” study to measure the total 
value arising from BAT’s decision to invest in the biofilter odour abatement option.
This document aims to propose in more detail the objectives, scope and a methodology for 
the total value assessment of the biofilter option.
2. O b je c t iv e s  & S c o pe
The principle obj ective of the proposed study is;
1. To perform a Total Value Analysis of BAT’s biofilter investment. In this sense 
“value” is defined as being made up of factors which can be measured in financial 
and non-financial terms, all of which contribute to the value seen by BAT from the 
investment.
Sub-tasks to this objective are;
1.1 To widen the scope of the financial appraisal to include, less easily quantifiable 
financial impacts, for example, environmental liabilities, insurance and capital costs.
1.2 To quantify the “non-financial attributes” of the biofilter, such as its impact on 
public opinion, local acceptance, regulator relations, lobbying power etc. These 
attributes are increasingly recognised as gaining significance, especially in light of 
the Brent Spar episode.
1.3 To link the measured attributes (financial and non-financial) to BAT’s goals and 
objectives for the project and hence determine the total value arising to BAT
1.4 Set a benchmark for the public image performance of the project, in terms of BAT’s 
local stakeholders. This benchmark would measure the local image of BAT after 
committal to the biofilter but before actual operation.
It is possible later to revisit the same stakeholders once the biofilter has been 
operational for a period to measure their perception against the previous benchmark.
The project would aim to achieve these objectives working within the following 
boundaries.
1. The value analysis will wherever possible, working together with BAT try to place
financial values on the performance of the biofilter.
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2. An area where it may prove difficult to place a financial value on the performance of 
the biofilter relates primarily to its impact on BAT’s public image. The study will 
however aim to show a relationship between the public image performance of the 
biofilter project and the goals and objectives set for the project by BAT.
3. BAT’s objectives for investing in odour abatement equipment are predominately 
driven by local issues. Hence measurement of the public image impact of the 
biofilter investment will be targeted prevalently at local stakeholders.
3. A p p r o a c h
The project will combine two areas of research and consist of three elements.
Financial Analysis
The biofilter project will be analysed to highlight and define financial cost/benefits. This 
will draw on the research of Paras Ltd. which led to the development of the Paras financial 
model for environmental investment evaluation.
Stakeholder Analysis
The biofilter option was chosen to a large degree based on it being Best Available 
Technology (BAT) thus satisfying BAT’s wish to show commitment to the local 
community and the environment. This goal indicates that the impact on public image and 
local relations of the project is a critical success factor for BAT. The research will aim to 
measure the impact on local image from the biofilter project through a stakeholder 
perception analysis.
This element of the project hence recognises that it is not possible to quantify all of the 
impacts of an investment project in financial terms alone and that companies typically 
strive to optimise project performance across more than simple financial criteria.
Total Value Analysis
In conclusion the project will aim to combine both areas of research in an attempt to 
measure the total value of the investment to BAT. Value in this sense is a measure of how 
well the project has fulfilled BAT’s original goals and objectives for the investment.
Whilst each element of the TVA analysis is considered crucial, it is envisaged that the area 
which will provide the most value to this project will hinge around the stakeholders 
analysis.
Each element is discussed in greater detail below.
3.1 F i n a n c i a l  V a l u e
Total financial value is made up of separate components with increasing difficulty to 
measure, as follows
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Visible Financial Value
Direct costs and revenues e.g. Capital
Indirect costs and revenues e.g. Training, Patents, Productivity
Risk Value
Environmental risk 
Health and safety risk
Compliance Value
Future legislation 
Fines and notices 
Industry self regulation 
Injunctions
The financial value for some of the less easily quantifiable aspects (e.g. odour complaint) 
of the investment can be calculated by creating a cost/benefit decision tree, with branches 
that model possible outcomes from the investment. The scenarios, consequences and the 
branch probabilities modelled by the designed tree can best be determined by a 
combination of internal BAT experience and research carried out by the EngD researcher.
Figure 1 illustrates an example cost/benefit tree. The information from this can 
subsequently be used to plot an associated cumulative probability cost distribution graph.
Proposed Actions
BAT: Provide technical and financial information on the biofilter option and help
design cost/benefit decision tree where appropriate. Where information is 
missing or difficult to find it may be necessary for BAT to assist in estimating 
values and agreeing on assumptions based on in house expertise.
GSE: Gather, collate and analyse financial and technical information and apply into
the Paras financial model. Assist in cost/benefit decision tree design.
Perform expected monetary value calculations and report to BAT.
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3.2  St a k e h o l d e r  A n a l y s is
The incremental stakeholder value of the biofilter investment is difficult to measure in 
absolute terms. It is however possible to measure whether the biofilter has had a 
significant positive or negative impact on BAT’s stakeholder relations. An example of this 
may be in building up the company's local image.
Creating a positive public image is a long and expensive task since it involves gaining the 
trust of stakeholders, i.e. building up the company credibility. Conversely damage to a 
company's image can happen swiftly and disastrously from sometimes insignificant 
company decisions. Therefore placing the onus on extreme caution and care when it comes 
to making decisions which have the potential to impact on a company's credibility.
The stakeholder analysis will be swayed by the particular goals set by BAT, nevertheless at 
this stage it is possible to predict that these goals are predominately focused on local issues 
relating to odour and its implied nuisance.
Whilst it may be possible to perform such a stakeholder analysis without discourse to 
actual external stakeholders this approach runs the risk of colouring the predicted response 
with internal BAT perceptions and concerns. In this sense it is felt the stakeholder analysis 
would benefit greatly through access to views of BAT’s external stakeholders.
The aims of the stakeholder analysis are as follows;
1. Identify BAT’s goals for the biofilter project and the main issues of importance to 
internal and external stakeholders as a result of BAT’ s activities
2. Measure internal stakeholders perception of BAT with reference to the identified 
issues and the biofilter investment
3. Measure external stakeholder perception of BAT with reference to the identified 
issues and the biofilter investment
4. Determine whether a perception gap exist and if so whether this is significant in 
terms of the decision to invest in the biofilter
5. Determine whether the biofilter investment has a positive or negative value to BAT 
and whether it has been significant.
6. Develop a public image benchmark index in light of the decision to invest in the 
biofilter
Proposed Actions
BAT: Internal interviews and group sessions with BAT personnel involved and
affected by the biofilter investment decision. The purpose of these will be to 
define issues of concern, how they relate to the overall goal for the project, 
their relative importance and their performance in terms of the biofilter option. 
It is envisaged these tasks will involve the following personnel;
- Environmental Committee Members
- Executive Environmental Committee Members
- Biofilter Project Team
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- Local Public Relations (Joe Wallace)
- John Luke
Stakehlds: It is proposed that selected stakeholders could be approached and similarly 
interviewed with respect to their perception of BAT’s environmental and local 
performance in light of BAT’s decision to invest in the biofilter option. These 
views could then be compared to the ones expressed through the internal 
interviews. The following stakeholders are proposed for selection;
- Local Resident Association representatives
- Decision Makers, Local counsellors, LA Planning Committee
- Environmental Health Officer
- Pressure groups
- Local media
- Legislators? Department of Environment
GSE: Develop separate questionnaires for BAT personnel and stakeholders. Two
types of questionnaires are to be used dependent on the type of external 
stakeholder approached.
=> Relevant stakeholder groups: Making no direct reference to the biofilter
or to odour impacts the aim is to ascertain by stakeholder group their 
prioritised concerns and objectives for the site. These can then be 
compared to the benchmark set by the internal interview exercise and 
hence define "priority gaps".
=> Stakeholders directly known to be impacted by odour: To measure
odour perception at their homes over an eight month period, spanning 
prior and after biofilter installation and commissioning. Hence it will be 
possible to calculate an impact change at their homes and relate this to 
a stakeholder value.
( See Appendix I for BAT and Appendix II for stakeholder questionnaires.)^
Conduct and analyse data from interviews with BAT staff and stakeholders. 
The data from the interviews will be used to construct a decision hierarchy for 
the biofilter. Figure 2 below illustrates an example hierarchy.
Chair group session to develop relative importance (weight analysis) through 
pairwise comparisons.
 ^This copy of the report does not include the appendices.
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BAT Energy %Smell Duration LegalityBnv. ImpactHealth Risk
EmployeesLocal Residents RegulatorsLocal Decision Makers
Base CaseBiofilter
Reduce odour nuisance
Figure 2: Example Decision Hierarchy for the Biofilter Project.
3.3 T o ta l  V a l u e  Im p a c t
The total value from the biofilter project can be estimated by combining the information 
from the financial and stakeholder analysis. It still needs to be decided 'whether this 
information is presented in financial terms, in which case it will be necessary to develop 
business surrogate measures from the stakeholder analysis, or in terms of the biofilter’s 
ability to meet BAT’s goals for the project (value terms), in which case the financial 
performance will be weighted along with the other performance criteria.
In any case, the stakeholder analysis will generate perception gap information between 
how internal decision makers and external stakeholders view the biofilter. The impact on 
the project will hinge on
1. What BAT’ s objectives and goals for the proj ect are
2. The size of the perception gap
3. The importance of the perception gap, which will be a function of the role of the 
stakeholder and BAT’s goals for the project.
The information generated will provide valuable input regardless of whether a financial or 
value approach is taken.
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4. D e l iv e r a b l e s
Draft and final reports will be produced detailing the methodology/model and the results 
and conclusions from the Total Value Analysis project.
A formal presentation of the results can be made at the conclusions of the study to 
personnel from within BAT.
5. P r o je c t  T ea m  and  C o sts
The project will be managed and carried out by Graham Earl (GSE). Graham is a research 
engineer on the Engineering Doctorate (EngD) programme and is sponsored and 
supervised by Paras Ltd and Surrey University. His research project concerns the 
development of a model to facilitate the objective financial, non-financial and 
environmental appraisal of environmental projects. In this respect, Graham's involvement 
in this project will provide him with invaluable practical experience in the field of 
investment evaluation and business decision making in an industrial setting.
Project costs will be limited to meeting Graham's travel and out of pocket expenses 
associated with the project.
Graham's C. V. is appended as Appendix III.^
This copy of the report does not contain the appendices
A p p e n d ix  n  
E m p l o y e e  I n t e r v ie w  P r o t o c o l
R e s e a r c h  P r o je c t
F o r
B r it is h -A m e r ic a n  T o b a c c o
Questionnaire 
Total Value Analysis 
of 
The Biofilter Investment
in t e r v ie w d a t a
Name:.............. ............................ ......................................
Job Title:......... ..................................................................
Date:..................................................................................
Time: Start:.....................................Finish:.........
Prepared By 
Graham S. Earl 
Surrey University & Paras Ltd 
July 1996
PARAS
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In t r o d u c t io n
The project will be carried out by Graham Earl. Graham is an Engineering Doctorate (EngD) 
research engineer sponsored by a small consultancy company. Paras Ltd and the Centre for 
Environmental Strategy at Surrey University. For those of you new to the EngD program, it is a 
relatively recent initiative which aims to improve on the traditional Ph D. by directly 
integrating industry into the research project.
The main focus of Graham's EngD research, to which this project will add, is to develop tools 
to quantify (and hence help manage) the environmental and financial performance of business 
projects. In this context, Graham has developed a methodology which helps to define, rank and 
quantify multi attributes of investment projects. The aim is to widen the decision process, to 
involve more decision factors and also to provide a framework within which decision makers 
can rank and link these attributes to a company’s strategic goals.
B r it ish -A m e r ic a n  T o b a c c o 's  D e c isio n  t o  In v e st  a  B io filt e r
The biofîlter investment by BAT provides a perfect “real life” application for my research. A 
significant driver for investing in this technology was to improve local image and promote the 
credibility of BAT. In this context this research project aims to quantify the local image impact 
of the biofîlter by carrying out interviews with both BAT employees involved in the decision 
process and local decision makers and influencers. This questionnaire forms and important and 
integral part of the research methodology.
W h a t  It  In v o lv e s
This document is intended to give you prior knowledge of the questions I will be asking you 
during the course of our planned interview. It is hoped that this will allow you to reflect on 
some of the questions and to prepare questions of your own to help your understanding of the 
exercise. The questionnaire leaves spaces to let you make notes, or simply jot down key words 
which you feel will help us through the interview. The interview should last between 30 and 45 
minutes. The questionnaire is made up of three sections.
Section  1: Definition of the Driving Forces and Objectives for the Biofilter
This section of the questionnaire aims to determine from your viewpoint what the 
principle driving forces and objectives are for investing in the biofîlter.
Section 2: Project Attribute Definition
This part of the questionnaire aims to determine what your personal performance 
criteria are for measuring the effectiveness of the biofîlter in meeting its goals. 
Also which stakeholder groups you think drove the decision, and why.
Section 3; Value Measures and Future Focus
This part of the questionnaire aims to identify more specific measures upon which 
to gauge the biofllter's value to BAT.
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The aim behind this questionnaire is to determine BAT’s goal in investing in the biofîlter and 
which performance criteria it feels influenced their decision to adopt the biofîlter option. The 
advantages of this approach are;
• Through interviewing diverse personnel from the organisation it is possible to obtain a 
wider perspective on the driving forces and critical success factors for the decision.
• The decision tree forces a structure on the decision analysis, hence helping decision 
makers understand the principle decision factors and their interrelation.
• The decision tree helps to defîne qualitative and quantitative criteria to use in measuring 
a projects total value.
For example, if we applied the questionnaire to somebody faced with the decision to buy a car, 
the information from the interview could be used to design a hierarchy as follows.
Price Safety EconomySize Performance
Top Level Aim
Buy car which best satisfîes 
transport needs
Decision Attributes
This shows that there are a multitude of attributes, and not only price, against which competing 
cars could be judged to determine the optimal car.
This questionnaire aims to design a similar hierarchy for the biofîlter option, based on your 
responses and is especially focused on impacts which are diffîcult to quantify in monetary 
terms.
W h a t  H a ppe n s  A f t e r w a r d s
The design of the decision tree forms the first, but critical phase in the overall value analysis of 
BAT’s biofîlter investment. I aim to use the information generated through the interviews to 
design a "Company Wide" decision tree, encompassing all the issues raised in the interviews. 
This will then form the basis for measuring the biofllter's total value to BAT.
If you have any questions pertaining to the planned interview which you would like answered 
in advance then please do not hesitate to contact Graham Earl direct by phone or fax on 0181 
761 7314.
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S ectio n  1 -D e fin it io n  o f  t h e  D r iv in g  F o r c e s  a n d  O b je c t iv e s  fo r  t h e  B io filter
1. Have you been involved with the decision process for the biofilter. If so how?
2. If you could summarise the principle goal for improving tobacco smell abatement, 
what would it be in your opinion? What do you think is behind this objective?
3. What do you think are BAT’s principle concerns regarding odour abatement and this 
project.
4. Do you think the decision to invest in the biofîlter has strategic implication for BAT. 
If so what are they?
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Sec t io n  2 - P r o je c t  At t r ib u t e  D efinitio n
1. What performance attributes would you use to measure a project aimed at meeting 
BAT’s goals ? Why?
2. Why was the biofîlter chosen? What are its particular performance attributes?
3. What would you like to achieve with the biofîlter investment?
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4. Can you identify who BAT’s main stakeholders are. If so who are they, and what 
performance attributes of the project do you think they might be interested in and 
why?
Stakeholder Principle Interests and Why?
5. Can you identify any risks for BAT associated with the project?
S ectio n  3 V a l u e  M e a su r e s  a n d  F u tu r e  Fo c u s
1. Can you identify any critical success factors for the project, i.e. goals which must be 
achieved by the biofîlter?
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2. How would you measure value against the critical success factors and which measures 
would you use?
3. What has been done to communicate the advantages of the biofîlter to BAT’s 
stakeholders?
4. Do you know of any feedback on the biofîlter. Is so what has it been?
A p p e n d ix  in
K e y  St a k e h o l d e r  I n t e r v ie w  P r o t o c o l  a n d  F o l l o w -o n
Q u e s t io n n a ir e
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I n t e r v i e w  P r o t o c o l -  K e y  I n f l u e n c e r s  
Section 1; Your Background and Knowledge of BAT
1. Do you see yourself as a stakeholder of BAT Why?
2. What sources of information, if  any, do you use to keep informed on BAT’s 
performance at its site in Millbrook, Southampton.
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Section 2 :Your Concerns and Views
1. In terms of the stakeholder group you represent what do you feel their principle goal 
would be vis-à-vis BAT’s performance. For example if you were representing local 
residents, this might be "for BAT to be a good neighbour".
2. Below I have listed (in no particular order) some general ways in which BAT could 
impact on you or the stakeholder group you represent. For each item could you 
please comment on its appropriateness, and also what expectations you have vis-à- 
vis BAT’s performance against this item. For example, in respect to noise you might 
expect BAT to meet all noise regulations or perhaps to ensure there are no heavy 
vehicle movements in the early hours that might disrupt local residents.
I hope you will use the interview to add additional items to the list and discuss these.
Impact Relevant ? Performance Expected
Noise
Traffic/Congestion
Odour
Employment opportunities
Input to local economy
Energy efficiency
Waste produced
Water emissions
Dust Emissions
Health and Safety of
Employees
Visual Impact of site
I  will now ask you to prioritise these items using a pairwise technique which I  will explain 
during our interview..
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3. How do you feel BAT compares with other companies and industries with which 
you have contact. What is your opinion based on?
4. Do you know of any recent changes on BAT’s Millbrook site which may affect you 
as a stakeholder?
5. If you wish to contact BAT to make a comment or complaint, do you know who to
contact. Please tick the box for the appropriate person.
Community contact number 
Security 
Joe Wallace 
Lyn Lavers
Ken Davies (Operations manager)
Peter Stewart
Local Residents Association 
Local councillor 
City Council
Other (please state).............................................................. ........
Don't know who to contact [ ]
6 Are you satisfied with the way your comments or complaints have been handled? 
Please tick the appropriate box.
Very satisfied 
Satisfied
Neither satisfied nor dissatisfied 
Dissatisfied 
Very dissatisfied
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Section 3A - If mention Biofilter _____________ _
1. Has BAT’s decision to invest in the Best Available Technology had any impact on 
your perception /your stakeholder's perception of BAT as a company. If so how? Has 
it been positive or negative?
How have these perceptions been shown?
2. Is the decision by BAT to invest in the Best Available Technology consistent with 
what you would expect. If so why?
Could any other action have caused negative feelings/actions? If so what?
3. Do you have any expectations in regard to the biofilter’s actual performance. If so, 
what are they?
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5. Do you feel you have been adequately informed about the biofilter. For example 
have you been told about : alternatives, rationale for choosing this technology kept 
informed on progress, its expected performance.
6. How could the biofilter project been improved so far to better meet your 
expectations. E.g. more information, open days etc.
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K e y  St a k e h o l d e r  F o l l o w -O n  Q uestio n n a ir e
St a k e h o l d e r  : N a m e ?
In tr o d u c t io n
This questionnaire follows on from the informal interview held in November 1996. The 
earlier interview provided me with important information on the issues which are important 
to you as a stakeholder. This questionnaire follows on directly from the interview and aims to 
measure how your perception of British American Tobacco may have changed over the past 
year, especially in view of the changes made on the site which include the commissioning and 
operation of the biofilter.
Most questions can be answered by placing a tick in the appropriate box. The survey should 
not take you more than 10 minutes to complete. If you have any questions please feel free to 
write to me or call me on 0181 761 7314._________ __________________________________
G e n e r a l  Q u est io n s
Q1 During our interview I showed you a list of some common issues associated with an 
industrial site and we discussed their relevance and importance. These were;
1) Noise, 2) Traffic/Congestion, 3) Odour, 4) Employment opportunities, 5) Input to 
local economy, 6) Environmental performance of the site (e.g. energy used, waste 
produced), 7) Dust emissions, 8) Health and safety of employees, 9) Visual impact of 
site (size of stacks, buildings, etc.)
The most important issues were in order of importance; l)odour, 2) noise, 3) traffic
Do you agree with this result................. .........Yes/No (Please delete as applicable)
If you answered “No” what are in order of importance the three main issues most 
important to you. Why are these different?
Q.2 Based on your contact with British American Tobacco and feedback from the people 
you represent, can you indicate how you feel British American Tobacco’s performance 
has changed over the last year for the main issues. If you answered “No” on Q1 then 
change the issues to the ones you feel are important
Issue Much Better Better No Change Worse Much Worse
Odour [] [] [] [] [ ]
Noise [] [] [] [] []
Traffic [] [] [] [] []
Other (........ .........) [] [] [] [] []
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Q.3 If you have had any comments or complaints concerning British American Tobacco’s 
site since October! 996 what has been the predominant issue? Please tick the 
appropriate box.
Issue
Odour [ ]
Noise [ ]
Traffic [ ]
Visual Impact [ ]
Other .................. [ ]
How satisfied have you been with British American Tobacco’s response?
Very satisfied [ ]
Satisfied []
Neither satisfied or dissatisfied [ ]
Dissatisfied [ ]
Very dissatisfied [ ]
Not applicable: No cause to complain [ ]
Qu est io n s  c o n c e r n in g  O d o u r  a n d  t h e  B io fil t e r
Last year British American Tobacco undertook a major investment in a biofilter to abate 
odours from the site. The biofilter was commissioned earlier in the year and has been 
operational for the past three months. The remaining questions aim to measure your 
perception of the biofilter and of its performance.
Q.4 A predominant theme that emerged from my interviews with the main stakeholder 
representatives was that British American Tobacco’s decision to invest in the biofilter 
was seen as a positive and proactive step. Can you indicate how strongly you agree 
with this view.
Strongly agree [ ]
Agree []
Neither agree nor disagree [ ]
Disagree [ ]
Strongly disagree [ ]
Q.5 How efficient do you think the biofilter has been in abating odours from British 
American Tobacco’s site. You should base your answer on feedback from local 
residents and other interested parties and on your own experiences of the site. Please 
tick the statement which best describes your view.
Odours from the site seem to be totally removed by the biofilter [ ]
Odours from the site are much reduced by the biofilter [ ]
Odours from the site seem unaffected by the biofilter [ ]
Odours from the site now seem worse because of the biofilter [ ]
Do not know [ ]
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If you think the odours from the site have become worse through the biofilter can you 
state why?
Q.6 Based on your experiences over the past year (especially the last three months) can
you indicate which statement best describes how you feel the biofilter has performed 
with respect to your original expectations of its performance?
The biofilter’s performance has significantly exceeded your expectations. [ ]
The biofilter’s performance has exceeded your expectations. [ ]
The biofilter’s performance has met your expectations. []
The biofilter’s performance has partially met your expectations. [ ]
The biofilter’s performance has not met your expectations at all. [ ]
Q.7 Bearing in mind the expectations you had of the biofilter (based on information given
to you by British American Tobacco) and its actual performance can you indicate how 
this may have affected your opinion of British American Tobacco’s credibility.
The company has gained credibility [ ]
The company has maintained its credibility [ ]
The company has lost credibility [ ]
Q.8 Best Available Technology (BAT) is a term used by regulators to describe those 
technologies best suited to meeting environmental challenges. Based on your 
experience and knowledge of the biofilter can you indicate whether you feel the 
biofilter has demonstrated that it is the best available technology (BAT).
I think the biofilter is / is not (delete as appropriate) Best Available Technology.
If you think the biofilter is BAT can you say why, and if not why it is not BAT?
Q.9 The biofilter and the expectations for it to manage odours from British American 
Tobacco’s site was an important factor for co-operating with (at least not opposing) 
the company’s plans for expansion. Can you indicate how strongly you agree with this 
statement.
Strongly agree [ ]
Agree [ ]
Neither agree or disagree []
Disagree [ ]
Strongly disagree [ ]
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Q.IO The biofilter is an efficient yet natural method for managing odours. How important 
has it been to you that the method used for managing odours is “environmentally 
friendly”. That is energy efficient, uses natural products and process and produces no 
significant air pollution, water effluents and waste products.
Very important 
Important
Average importance 
Minor importance 
Irrelevant
Qll .  As a stakeholder of British American Tobacco how important is it to you that British 
American Tobacco informs and actively engages you in those company decisions in 
which you would have a significant “stake”.
Very important [ ]
Important [ ]
Average importance [ ]
Minor importance [ ]
Irrelevant [ ]
Q12. How successful do you think British American Tobacco have been in engaging you
(asking your opinions and keeping you informed) in the decision process that led to 
the choice of the biofilter.
Very successful [ ]
Successful [ ]
Average success [ ]
Minor success [ ]
Unsuccessful [ ]
Q.13 How well do you think British American Tobacco has managed to communicate and
inform yourself and the local publics on progress made with the biofilter in the past
year.
Excellent level of communication 
Good level of communication 
Average level of communication 
Below average level of communication 
Poor level of communication
What could British American Tobacco have done to improve their communications ?
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F e e d b a c k  AND A n o n y m it y
Do you wish your responses to remain anonymous 
Would you like to receive a summary of the research findings
C om m en ts
Please add any additional comments you may have in the box below.
No Yes
[] []
[] []
Thank you fo r  finishing. Please send back in the stamped addressed envelope.
A p p e n d ix  IV
L o c a l  R esid en t s  B e fo r e  a n d  A f t e r  Q u e st io n n a ir e s
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L o c a l  R esid en t s  In itia l  Q u e st io n n a ir e
Most questions can be answered by placing a tick in the appropriate box. The survey 
should not take you more than 10 minutes to complete. If you have any questions please 
feel free to write to me or call me on 081 761 7314._________________________________
Local Impacts
Q. 1 Below are listed some common issues associated with an industrial site. Can you 
rank these in order of importance to you. To do this you will need to place a 
number beside the issue to indicate its order of importance. 1 = Most important to 
you, 2 = Second most important,...., 9 = Least Important.
Issue Rank
Noise
Traffic/Congestion 
Odour
Employment opportunities 
Input to local economy
Environmental performance of the site (e.g. energy used, waste produced)
Dust emissions
Health and safety of employees 
Visual impact of site (size of stacks, buildings, etc.)
Odour Impacts
Q. 1 If you wish to contact BAT to make a comment or complaint, do you know who to 
contact? Please tick the box for the appropriate person.
Community contact number 
Security 
Joe Wallace 
Lyn Lavers 
Ken Davies 
Peter Stewart
Local Residents Association 
Local councillor 
City Council
Other (please state)......................................................................
Don't know who to contact [ ]
Q.2 Are you satisfied with the way your comments or complaints have been handled? 
Please tick the appropriate box.
Very satisfied 
Satisfied
Neither satisfied or dissatisfied 
Dissatisfied 
Very dissatisfied
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Q.3 In the past, how often have you complained to the body ticked above?
Never [ ]
Rarely (one or two times a year) [ ]
Frequently (Once a month or more) [ ]
Q.4 How often do you experience an odour, which you find a nuisance?
Never []
Once a year []
Once a month []
Once a week [ ]
Almost every day [ ]
Q.5 Typically how long does the odour remain a nuisance when it occurs?
A few minutes [ ]
Up to an hour [ ]
A few hours [ ]
A whole day [ ]
Several days [ ]
Q.6 Typically what do you do to avoid the odour?
Close all windows and remain indoors [ ]
Close all windows but carry on using garden [ ]
Close some but not all windows [ ]
No action [ ]
Other (please specify).......................................................................................
Q.7 Can you describe the characteristics of the odours you typically experience
Musky smell (woody)
Floral (roses)
Pungent (vinegar)
Minty (menthol sweets)
Ethereal (dry cleaning fluid)
Putrid (bad eggs)
Camphoraceous (moth repellent)
Alternative (please state).....................................................................................
You may tick more than one box if  you wish
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Q.8 Which statement best describes your expectations about the performance of the 
biofilter and the level of odour you will experience after its installation and 
operation?
You do not expect any change in the level of odour (0% fall)
You expect a minor reduction in the level odour (25% fall)
You expect a marked reduction in the level of odour (50% fall)
You expect nearly all odours to be removed (90% fall)
You expect all odours to be removed (100% fall)
Q.9 Would you agree to take part in a similar survey to this in April 1997 when the 
biofilter will have been fully operational for sufficient time to gauge its impact.
Agree [ ]
Do not agree [ ]
If you agree then I will need your name so that I can approach you with the follow 
up questionnaire. Please be assured that your personal responses will remain 
confidential from BAT. Only the overall data will be reported to the company.
N am e:................................................................
Comments
Please add any additional comments you may have in the box below.
Thank you fo r finishing. Please send back in the stamped addressed envelope
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L o c a l  R e sid en t s  F o l l o w -O n  Q u e st io n n a ir e
In tr o d u c t io n
This questionnaire follows on from the questionnaire sent to you in October 1996. It aims to 
measure your perception of British American Tobacco and views on any issues which may 
arise from living near the site.
Most questions can be answered by placing a tick in the appropriate box. The survey should 
not take you more than 10 minutes to complete. If you have any questions please feel free to 
write to me or call me on 0181 761 7314.
G e ner al  Q u e st io n s
Q1 In the first questionnaire I listed some common issues associated with an industrial 
site and asked you to rank these in order of importance to you. These were;
1) Noise, 2) Traffic/Congestion, 3) Odour, 4) Employment opportunities, 5) Input to 
local economy, 6) Environmental performance of the site (e.g. energy used, waste 
produced), 7) Dust emissions, 8) Health and safety of employees, 9) Visual impact o f 
site (size of stacks, buildings, etc.)
Based on all the questionnaires sent back the overriding consensus in order of 
importance was that odour, noise and visual impact (the way the site looks) were the 
most important issues.
Do you agree with this conclusion..........................Yes/No (Please delete as applicable)
If you answered “No” what are in order of importance the three main issues most 
important to you. Have they changed from before and if so why?
Q.2 For the main issues listed below can you indicate whether you feel their impact on you 
has changed over the last year. If you answered “No” on Q1 then change the issues to 
the ones you feel are important
Issue Much Better Better No Change Worse Much Worse
Odour [] [] [] [] []
Noise [] [] [] [] []
Visual Impact [] [] [] [] []
Other (..................) [] [] [] [] []
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Q.3 If you have had any comments or complaints concerning British American Tobacco’s 
site since October1996 what has been the predominant issue? Please tick the 
appropriate box.
Issue
Odour [ ]
Noise [ ]
Traffic [ ]
Visual Impact [ ]
Other................................  [ ]
How satisfied have you been with British American Tobacco’s response?
Very satisfied [ ]
Satisfied []
Neither satisfied or dissatisfied []
Dissatisfied [ ]
Very dissatisfied []
Not applicable: No cause to complain [ ]
Q u est io n s  c o n c e r n in g  O d o u r  a n d  t h e  B io filt e r
Last year British American Tobacco undertook a major investment in a biofilter to abate 
odours from the site. The biofilter was commissioned earlier in the year and has been 
operational for the past three months. The remaining questions aim to measure how 
successful the biofilter is being in abating odours from the site.
Q.4 During the past three months, how often have you experienced an odour, which you 
find a nuisance, irrespective if you complained or not?
Never
Once during the last three months 
Once a month 
Once a week 
Almost every day
Q.5 During the past three months, i.e. since the biofilter has been fully operational how 
often, if at all have you complained to British American Tobacco concerning odour 
from their site?
Never [ ]
Rarely (one or two times a year) [ ]
Frequently (Once a month or more) [ ]
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Q.6 During the past three months, if an odour occurs how long does the odour typically 
remain a nuisance?
A few minutes []
Up to an hour []
A few hours []
A whole day [ ]
Several days [ ]
Not applicable []
Q.7 If an odour occurs what do you typically do to avoid the odour?
Close all windows and remain indoors [ ]
Close all windows but carry on using garden [ ]
Close some but not all windows [ ]
No action [ ]
Other (please specify)....................................................................................................
Not applicable [ ]
Q.8 Can you describe the characteristics of any odours you have experienced over the past 
three months
Musky smell (woody)
Floral (roses)
Pungent (vinegar)
Minty (menthol sweets)
Ethereal (dry cleaning fluid)
Putrid (bad eggs)
Camphoraceous (moth repellent)
Raw tobacco
Alternative (please specify)............................................. ................ ........................
You may tick more than one box if  you wish
Q. 9 Have you noticed any difference in the intensity or characteristics of the odour from 
British American Tobacco’s site from this time last year?
The odour is much more offensive 
The odour has become a little more offensive 
No change
The odour is a little less offensive 
The odour is much less offensive
Not applicable [ ]
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If the odour has changed, can you say what has changed about it (stronger, weaker, 
different smell) and how you feel about it?
Q. 10 How efficient do you think the biofilter has been in abating odours from British
American Tobacco’s site. Please tick the statement which best describes your view.
Odours from the site now seem worse because of the biofilter [ ]
Odours from the site seem unaffected by the biofilter [ ]
Odours from the site a much reduced by the biofilter [ ]
Odours from the site seem to be totally removed by the biofilter [ ]
If you think the odours from the site have become worse through the biofilter can you 
state why?
Q. 11 Which statement best describes how you feel the biofilter has performed with respect 
to your expectations of its performance when I last wrote to you (October 1996)?
The biofilter’s performance has not met your expectations at all. [ ]
The biofilter’s performance has partially met your expectations. [ ]
The biofilter’s performance has met your expectations. [ ]
The biofilter’s performance has exceeded your expectations. [ ]
The biofilter’s performance has significantly exceeded your expectations. [ ]
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Y o u r  N a m e
It would be very helpful if you could state your name so that I can cross correlate the answers 
from this questionnaire with your previous responses. Also it will help me pass back feedback 
if you register your interest.
Please be assured that your personal responses will remain confidential from BAT. Only the 
overall data will be reported to the company.
Name:.............................................................................................................................
Are you interested in receiving feedback (delete as appropriate)................................ ...YES/NO
C o m m en ts
Please add any additional comments you may have in the box below.
A p p e n d ix  V  
In t e r im  R epo rts
TOTAL VALUE ASSESSMENT 
OFTHE 
BIOFILTER INVESTMENT
MEASUREMENT OF LOCAL PERCEPTION OF 
ODOUR AND e x p e c t a t io n s  FOR THE 
BIOFILTER'S PERFORMANCE
PREPARED FOR BRITISH-AMERICAN TOBACCO
SOUTHAMPTON
G r a h a m  E a r l
E n g in e e r in g  D o c t o r a t e  in  E n v i r o n m e n t a l  T e c h n o l o g y  
S u r r e y  U n i v e r s i t y  a n d  P a r a s  L t d  
M a r c h  1997
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1. In t r o d u c t io n
This report forms an integral component of the total value analysis of British American 
Tobacco's (BAT) investment into a biofilter for its Southampton site. Please refer to the 
earlier issued report^^ for full details on the research's methodology.
An important component of the study involves measuring the impact the biofilter has had 
on BAT'S relations with its stakeholders. This the stakeholder analysis component of the 
analysis, has been split into two parallel components;
1. Interviews with stakeholder group representatives to measure the stakeholder group’s 
perception of BAT.
2. Questionnaire analysis of specific stakeholders known to have complained of odour 
over an 9 month period spanning before and after biofilter commissioning.
This report covers feedback from the second component. More specifically it;
• summarises the results of the questionnaires received for the period prior to biofilter 
commissioning,
• concludes on BAT's performance in dealing with complaints and of odour management 
prior to commissioning of the biofilter, and
• measures expectations for the biofilter's' performance.
2. Q u e st io n n a ir e  A nalysis
Appendix I contains a copy of the covering letter and questionnaire sent to local residents 
in the Millbrook and Freemantle area.
Due to the specific aims of the questionnaire only households known to have complained 
specifically of odour were targeted. This covered 13 households each of which was phoned 
in advance to explain the research objectives, explain the questionnaire and to ask whether 
they would consent to filling the questionnaire.
Of the 13 questionnaires mailed 12 responses were received. (The missing questionnaire 
was sent to the only household it was not possible to reach by phone). Each household was 
asked whether they would agree to take part in the follow up exercise (after biofilter 
commissioning), with a 100% success rate.
10 Methodology Proposal: Total Value analysis o f the Biofilter Investment. Report issue to BAT July 1996.
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The questionnaire was split into two sections as follows;
Local Impact: Respondents are asked to rank locals issues in order of importance
Odour Impact: Questions relate to BAT's performance in dealing with and controlling
odour from the site.
The proceeding sections analyse each section.
2.1 L o c a l  Im pa c t s
Question: Below are listed some common issues associated with an industrial site. Can 
you rank these in order of importance to you. To do this you will need to place 
a number beside the issue to indicate its order of importance. 1 = Most 
important to you, 2 = Second most important,...., 9 = Least Important
Results
IMPACT RANK (AVERAGE) AVERAGE
DEVIATION
MOST COMMON 
RANK
FREQUENCY  
MOST COMMON 
RANK
ODOUR 1 0.67 1 8
NOISE 2 0.84 3 4
VISUAL IMPACT OF SITE 3 1.54 3 4
DUST EMISSIONS 4 2.28 2 2
TRAFFIC/CONGESTION 5 1.72 7 3
ENVIRONMENTAL PERFORMANCE OF THE SITE 6 1.70 5 3
EMPLOYMENT OPPORTUNITIES 7 1.90 9 3
HEALTH AND SAFETY ISSU E S 8 1.24 7 3
INPUT TO LOCAL ECONOMY 9 1.20 6 4
9  T 
8
7  - 
6
5  -- 
4  -  
3  -  
2 
1
RANK IMPORTANCE (1 IS HIGHEST)
I t L
II
□  RANK (AVERAGE) 
GAVE. DEVIATION
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2.2 O d o u r  Im p a c t
Question:
Results
If you wish to contact BAT to make a comment or complaint, do you know 
who to contact?
PERSON MOST LIKELY TO CONTACT DISTRIBUTION
COMMUNITY CONTACT NUMBER 17%
SECURITY 8%
JOE WALLACE 1%
LYN LAVERS 41%
KEN DAVIES 9%
PETER STEWART 5%
LOCAL RESIDENTS ASSOCIATION 3%
LOCAL COUNCILLOR 3%
CITY COUNCIL 13%
DON'T KNOW 0%
OTHER 0%
WHO DO YOU CONTACT?
45%
40%
35%
30%
25%
20%
15%
10%
5%
0%
ifII g
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Question: Are you satisfied with the way your comments or complaints have been
handled?
Results
ARE YOU SATISFIED WITH RESPONSE?
VERY
DISSATISFIED
8%
DISSATISFIED
17%
NEITHER 
SATISFIED OR 
DISSATISFIED 
17%
VERY
SATISFIED
8%
SATISFIED
50%
Question:
Results
In the past, how often have you complained ?
HOW OFTEN DO YOU COMPLAIN?
NEVER
0%
FREQUENTLY
58%
a /
RARELY
42%
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Question: How often do you experience an odour, which you find a nuisance? 
Results
ODOUR FREQUENCY DISTRIBUTION
NEVER 0%
ONCE A YEAR 0%
ONCE A MONTH 25%
ONCE A WEEK 58%
ALMOST EVERY DAY 17%
Question: Typically how long does the odour remain a nuisance when it occurs?
Results
UP TO AN HOUR 
SEVERAL DAYS o%
8%
A WHOLE DAY 
25%
A FEW HOURS 
67%
HOW LONG DOES ODOUR TYPICALLY LAST?
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Question: Typically what do you do to avoid the odour?
Results
HOW DO YOU AVOID ODOUR?
NO ACTION 
25%
CLOSE SOME 
BUT NOT ALL 
W INDOW S 
8%
si
CLOSE ALL 
W INDOW S BUT
CARRY ON 
USING GARDEN 
17%
CLOSE ALL 
W INDOW S AND  
REMAIN 
INDOORS 
50%
Question: Can you describe the characteristics of the odours you typically experience
Results
ODOUR DESCRIPTION DISTRIBUTION
MUSKY SMELL 17%
FLORAL 0%
PUNGENT 8%
MINTY 0%
ETHEREAL 0%
PUTRID 0%
CAMPHORACEOUS 0%
TOBACCO 58%
OTHER 17%
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Question: Which statement best deseribes your expectations about the performance of the 
biofilter and the level of odour you will experience after its installation and 
operation?
Results
BIOFILTER ODOUR REDUCTION EXPECTATION
35% n 
30% - 
25%  
20% 
1 5 % 4 
10% 
5% 
0%
0% FALL 25%  FALL 50% FALL 90% FALL 100%  FALL
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2.3 C o m m en ts
QUESTION ADDITIONAL COMMENTS FREQUENCY
IN THE PA ST HOW OFTEN HAVE 
YOU COMPLAINED
DO NOT PHONE OFTEN SINCE ALWAYS SAME ANSW ER 1
HOW OFTEN ON AVERAGE TO SOMETIMES 2 /3  TIMES/WEEK SOME W EEKS NOT SO  MUCH. CAN 1
EXPERIENCE ODOUR BE ANYTIME DURING DAY
IN SUMMER EVERY DAY 3
TYPICALLY HOW LONG D O E S THE IN SUMMER LAST SEVERAL DAYS 2
ODOUR REMAIN A NUISANCE
CAN BE SHORTER SOMETIMES 2
TYPICALLY HOW DO YOU AVOID SMELL MANAGES TO GET IN EVEN WITH ALL OPENING CLOSED. 2
THE ODOUR GO OUT
HOPE FOR WIND 1
ONLY U SE  GARDEN IF HAVE TO 1
CAN YOU DESCRIBE  
CHARACTERISTICS OF THE 
ODOUR
TOBACCO 6
SWEET/SICKLY 2
NAUSEOUS 1
BURNT COFFEE 1
ANY OTHER COMMENTS LINK TO ASTHMA 2
FREQUENCY AND STRENGTH OF ODOURS HAVE INCREASED  
CONSIDERABLY SINCE DEVELOPMENTS
4
QUALITY LIFE FALLEN 2
RESIDENTS CAN NOT ENJOY GARDENS 2
CONFINED INDOORS 1
BAT DO NOT ADMIT TO NOISE ON SUNDAYS 1
BAT HAVE GOOD RELATIONSHIP WITH NEIGHBOURS. THIS CAN 
BE PATRONISING AT TIMES
1
A PROFESSIONAL BUT DIFFICULT BODY TO DEAL WITH 1
ODOUR VERY WEATHER DEPENDENT 1
ODOUR IS A  CONSTANT PROBLEM IN AREA 1
BAT HAVE BEEN SINGULARLY UNHELPFUL 1
RESIDENTS FED FOOLISH SUGGESTIONS, WIND HAS CHANGED, 
OR BECAUSE OF SIZE OF NEW BUILDINGS
1
WANT INFORMATION ON REAL PR O G R ESS. 1
COMPLAINTS NOT ALWAYS ACKNOWLEDGED/IGNORED 1
SOMETIMES GET 2/3 W EEKS NO ODOUR DESPITE CHANGES IN 
WEATHER
1
INCONSISTENCY IN R ESPO N SE TO COMPLAINTS, E.G.
IN 95 /96  MANY PEOPLE HAVE LEFT RPR ESPECIALLY THOSE  
BACKING ON TO W EST BOUNDARY
1
THINKS CITY COUNCIL AGREED DUE TO NEW JOBS 1
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3. D isc u ssio n
• The results show quite convincingly that the three most important issues in order of 
importance are;
Odour
Noise
Visual Impact
• odour is chosen as the most impost issue by 75% of respondents
• average deviation from the most common rank is low for odour and noise.
• Although the most common rank for dust emission is "2" and for Visual impact "3", the 
average deviation for dust emission is much higher. This implies that a relatively 
smaller sample placed dust emission as more important than visual impact.
• Average deviations from the average rank are on the whole reasonable (with the 
exception of dust emissions). Consequently the average rank positions can be taken as 
reasonably representative for the group. A relatively small minority would place dust 
emissions higher up the scale.
• The most common contact is Lyn Lavers followed by the community contact number. 
Some respondents noted that they have been told to contact BAT direct rather than the 
residents association or the council.
• Satisfaction with response given was mixed, but generally favourable. Only 26% were 
dissatisfied or very dissatisfied.
• The majority of the households approached complain frequently (once a month or 
more). This would tend to tie in with the additional comments (by four households) 
which suggest the odour problem has worsened since the new developments.
• A strong correlation was found between those household who complained frequently 
and those who were unsatisfied with the response.
• The frequency of odour impact varied, however 75% stated it occurred at least once a 
week. Comments also suggested the frequency of worsened in the summer months.
• Two thirds of households stated that the odour problem typically lasted a few hours, 
with the rest stating it would last a whole day or more. Once gain the duration was 
found to be worst in the summer.
• Half the respondents said they tried to mitigate against the odour by remaining indoors 
and closing all openings. Although 25% said they took no action of this percentage a 
high proportion stated they did nothing because "the smell got in anyway".
• Description of the odour was generally of a "tobacco" smell. A large proportion also 
described it as sweet or sickly.
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• Explications of the biofilter's expected performance were mixed. There was a very 
strong correlation between households who placed odour as their most important issue 
and those who expected at least a 90% reduction of odour due to the biofilter.
4. C o n c l u sio n s
The first phase of the local stakeholder questionnaire forms the base case against which to 
measure the performance of the biofilter after commissioning. Amongst households known 
to complain of odour the results of this survey broadly show;
1. Odour is the most important issue
2. Households experience odour relatively frequently
3. When it occurs odour lasts at least a few hours
4. Duration and frequency are worse in summer
5. Affected households avoid using their gardens or going outside to avoid the odour
6. Expectation for odour reduction by the biofilter are high, especially amongst those who 
place odour as their top ranked issue.
7. Odour problems have worsened since site development.
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P r el im in a r y  F e e d b a c k : Sec o n d  Sta g e  Q u estio n n a ir e  o f  L o c a l
RESIDENTS AND SELECTED STAKEHOLDERS
Prepared by Graham Earl 
25 January 1998
I n tro d u ctio n
This preliminary report summarises the findings from the questionnaires sent to local 
residents participating in the first stage survey. The first survey was carried out in 
October 1996 and the results of this survey were summarised in a report to BAT^\
Local residents were chosen from a list of residents known to have complained. The 
original survey targeted 13 resident household of which 12 responses were gathered.
This the second stage survey aims to measure how these resident’s perception of odour 
may have changed over the past 12 months, and especially to conclude on the 
effectiveness of the biofilter.
The 12 resident households who took part in October 1996 were sent the follow on 
questionnaire, of which 9 filled in the questionnaire and the other three wrote back to 
say they had moved and could not participate.
In a separate part of the first stage of the survey 8 stakeholders were identified and 
interviewed in Nov. 1996. The stakeholder selected included;
Local MP
Local councillors (3)
BHO
Local Planners
Local representatives of both residents associations (3).
The interviews were informal and aimed to measure expectations and perceptions of 
BAT and its commitment to invest in the biofilter. Questionnaires (similar to the local 
resident questionnaire) were also sent to the same stakeholders in Nov. 1997 to measure 
their perceptions of BAT, odour and the biofilter. Only 3 replies were received. The low 
response is probably due to time pressures and change of personnel.
This report aims to provide preliminary and brief feedback from the second stage 
questionnaires received from local residents and stakeholders^^.
Graham Earl, “Measurement of local perception of odour and expectations for the biofilter's 
performance”. Report prepared for BAT, March 1997 
A detailed report will follow.
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L o c a l  r e s id e n t s
Question: Odour, Noise and Visual Impact were identified as the main issues to effect 
local residents from responses in the first questionnaire. Can you indicate how these 
issues may have changed in the past year.
Odour
Odour: Change in impact over past year
much w o r s e  
11% much better 11%
w o r s e
0%
no ch an ge  
33%
better
45%
Comment: Only 1 of the residents felt odour had become a worse issue during the year. 
Given that all residents are known to have suffered from odour in the past this is 
considered encouraging.
Noise
Noise: C hange in im pact over p as t y ea r
much better better
much w o rse
11%  ^ -------
w o rse
11%
no change  
78%
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Visual Impact
Visual Impact: Change in impact over past year
much w o r s e  much better
11% 0% 11%
w o r s e
11%
no ch a n g e
67%
Question: If you have complained to BAT in the past year how satisfied have you been 
with BAT’s response.
If you have complained how satisfied have you 
been with BAT’s  response
very  
d issatisfied  
14% ^
very sa tisfied  
_ 14%
satisfied
14%d issatisfied
14%
neither 
sa tisfied  or 
d issa tisfied  
43%
Comment: Only 28% of residents were dissatisfied with BAT’s response. However of 
the 9 residents, 3 commented that they had stopped contacting BAT because they felt 
that their complaints were being “politely ignored” and had become disillusioned.
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Question: Have you noticed any difference in the intensity or characteristics of the 
odour from British American Tobacco’s site from this time last year.
Have you n o ticed  an y  diffem ce in the intensity  
of the od o u r since th is tim e last y ea r?
the odour is 
much le s s  
o ffen s iv e
the odour is a 
fittle le s s  
o ffen s iv e  
33%
the odour is 
much more 
o ffen s iv e  
22%
the odour h as  
b ecom e a little 
more 
o ffen s iv e  
0%
no ch a n g e  
33%
Question: How efficient do you think the biofilter has been in abating odours from 
British American Tobacco’s site.
How efficient do  you think the biofilter h a s  
b ee n  in ab a tin g  o d o u rs  from BAT's site
Odours from  
the site  s e e m  
to be totally 
rem oved by 
the biofitter 
11%
O dours from  
the s ite  s e e m  
m uch reduced  
by the biofitter 
33%
O dours from  
the s ite  s e e m  
w o r s e  
b e c a u s e  of 
the biofitter 
11%
Odours from  
the site  s e e m  
u n affected  by 
the biofilter 
44%
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Question: Which statement describes best how you feel the biofilter has performed 
with respect to your expectations of its performance when I last wrote to you (Oct. 96)
Biofiltef s performance vs expectation
45% -
«
(D TO
TO TO CO 0 )
0 )  V) CO <u
Comment
The general conclusions drawn by looking at the cross correlations between the 
responses are:
• Approximately half the residents responded that their expectations were at least 
partially met by the biofilter. These residents though that the odour had either 
become less intense or less frequent or in had been totally removed. Mostly the 
improvements were attributed to the biofilter but in some cases they were unsure if it 
really was the biofilter because they had no way of knowing when it was working. 
Without any other knowledge they could only assume the biofilter was helping.
• For the reminder (approximately half) the biofilter has not met their expectations. In 
some cases respondents responded that the odour frequency had fallen but when it 
did occur they felt the odour was worse than before, whilst others (only a minority) 
felt that both the frequency and pungency of the odour had worsened.
One respondent reported that BAT had admitted to “an outlet being blocked” during 
one occasion when the odour had been bad. Whilst another recognised (but had not 
been told) that there would be a “running in period” before the biofilter would work 
fully. Some residents also reported that it may be beneficial to continue tracking the 
biofilter’s performance through follow on questionnaires.
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It is important to note that these are responses from a highly skewed sample which 
include only local residents who have complained in the past. As such they can be 
viewed as a worse case representation.
St a k e h o l d e r  F e e d b a c k
Only a small data set is available so only limited analysis is possible.
All three stakeholders (two councillors and one regulator) took time to fill in all 
sections and made numerous additional comments. All indicated that they did not wish 
for there responses to remain anonymous, however the following summary will be 
restricted to their job titles only.
Main Issues
All three stakeholders indicated that odour and noise performance had improved over 
the past year. However both councillors thought traffic had become worse.
The Biofilter
All thought (agreed or strongly agreed) that BAT’s decision to invest in the biofilter was 
a positive and proactive step. Indeed all indicated that they though the biofilter had 
reduced odours from the site and that the biofilter had met their expectations of its 
performance.
It was noted by the regulator that “the biofilter whilst dealing extremely well with 
odours from the PMD, fugitive emission and potentially odours from the DRF seem not 
to have been changed and thus odours outside the process boundary may not seem 
changed”.
Involving Stakeholders
All stakeholders indicated that they though it “very important” to be “engaged” in 
company decision in which they may have a stake. Whilst both councillors though they 
had been “successfully” engaged in the biofilter decision process, the regulator only 
though BAT had “minor success”.
Communication
Only one stakeholder through BAT had a “good level of communication” in informing 
them on the biofilter progress. The other two indicated “below average” and “poor” 
level of communication. On this subject it was though more regular (6 monthly) updates 
would have been helpful, especially since there have been delays.
In general all the stakeholders are positive about BAT, in that it does make efforts to 
involve them in the decision process and in this respect is much better than any other 
company in the area.
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Developing a Stakeholder Driven Strategy for the 
Environmental Affairs Group at Xerox Ltd.
Supporting Documents
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Main Document Name: 
Specific Identifier:
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Main Document Name: 
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This test case has been carried out over a long time period. 
Results from various stages have been reported in progress 
reports to the company. The location of these reports is 
detailed below.
Part VT
Sixth Month Progress Report: October 1996-March 1997 
Appendix I: Rank Xerox decision hierarchy report
Part VI
Sixth Month Progress Report: October 1996-March 1997 
Appendix H: Rank Xerox Word Model
Sum m a r y
B a ckg ro u n d
Measuring the performance or added value of a company’s environmental function is 
not a simple task. In fact it can often be difficult to know whether a strategy set at the 
beginning of the year has yielded results for the customers which it was aimed at. Each 
set of customers (or stakeholders) has its own set of needs and priorities. In this case the 
key customers identified by Xerox’ Environmental Affairs group are Xerox sales force 
and through them the final customer. Xerox Ltd senior management (who make the 
decisions), business groups (who plan the future strategy for Xerox products in the 
marketplace), and the market place (current and potential customers, including 
legislators, pressure groups and opinion formers).
Setting a direction to cover the potential needs of all these stakeholders is a daunting 
task. With the number of issues to be covered, it was obvious that to maximise the value 
of Xerox’ Environmental Affairs function to its stakeholders priorities for action needed 
to be established.
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P roject O bjective
To develop a stakeholder driven strategy for Xerox’ Environmental Affairs function, 
which maximises the added value from the company’s environmental performance.
H ig h lig h ts
This project used an iterative version of the SVA’s MADE model to determine the 
Environmental Affairs group’s own priorities and also those of its stakeholders. Using 
the model’s cluster methodology it was possible to identify a reduced set of stakeholder 
priority structures. The gap between these clustered priorities and the Environmental 
Affairs group’s priorities was then used as the basis for continued dialogue with the 
stakeholders.
So far this analytic process has helped set up two roundtable discussions, one between 
Environmental Affairs and the Sales Manager stakeholder group and the second 
between Environmental Affairs and Business Manager stakeholder group. In each case 
because the ‘gaps’ had been defined prior to the meeting it was possible for the meeting 
to focus on the biggest gaps. In other words each meeting could focus on the issues that 
really matter and therefore it was possible to efficiently identify and specify actions 
which could minimise the identified gaps in the future and hence maximise the value of 
the Environmental Affairs group to its stakeholders.
Looking to the future, probably the biggest value contributor from this research is that 
the Environmental Affairs group is better able to define itself and thus more effectively 
address the priorities of its stakeholders. Indeed, as a direct result of this project more 
cohesive discussion on a wide ranging and sometimes ‘woolly’ subject has been 
stimulated. It has also enabled barriers to be broken down, particularly those concerning 
communication, and has stimulated focused actions to address gaps in performance or 
requirements.
From a research perspective the project has shown that the SVA approach can be used 
to measure and cluster stakeholder preferences. Furthermore it has also shown that by 
focusing on “preference gaps” it is possible to set up, manage and progress a dialogue 
process - in this case between Environmental Affairs and its stakeholders. This process 
is resulting in more focused actions and has helped define priorities and responsibilities 
for Environmental Affairs and its stakeholders and as a consequence is helping to 
maximise the value of Xerox’ environmental performance.
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1. In t r o d u c t io n
This report details the methodology developed to support the Environmental Affairs 
(EA) group at Xerox better meet the needs and priorities of its stakeholders. The results 
from applying the methodology are presented and these are then used to demonstrate 
the added value from the process to the Environmental Affairs group, its stakeholders 
and hence to Xerox Ltd.
2. B a c k g r o u n d  ON E n v ir o n m e n ta l  A ffa ir s  AT X e r o x  Ltd
Xerox Ltd is the European arm of the Xerox Corporation. Its headquarters are in the 
UK, and it has customers in 130 countries around the world. Xerox Ltd manufactures 
and sells office document solutions. The Environmental Affairs group is based in Xerox 
Ltd’s headquarters.
Environmental Affairs in its current format was established in 1994 and has support 
from all functions within the organisation via the Environment, Health and Safety 
(EH&S) representatives at all sites. It is a multi-disciplinary group with members from 
many functions in the company. The group reports to senior management in the UK and 
to corporate EH&S management in the USA. The goal of the group is that Xerox Ltd be 
recognised as an environmental leader, realising competitive advantage from that 
leadership position. As such it has a wide remit to fulfil and a wide range of 
stakeholders to satisfy.
3. P r o je c t  A im
The aim of this project was to help Environmental Affairs at Xerox Ltd to set their 
priorities and meet their stakeholder’s requirements. More specifically, the project aims 
to cross-compare Environmental Affairs’ priorities with stakeholder priorities, define 
‘priority gaps’ and use this information to:
• Develop a more focused strategy for Environmental Affairs;
• Provide a forum for review and feedback;
• Establish a baseline position from which future performance can be measured; and 
therefore
• Maximise the value of Environmental Affairs to its stakeholders and hence to Xerox 
Ltd.
4. METHODOLOGY
The research’s Multi Attribute Decision Environment (MADE)^ is used as the basis for 
this project. Due to the specific requirements of this project, and the fact that it is 
necessary to measure and cross compare stakeholder priorities, a new iterative MADE 
process has been developed, shown here as Figure 1.
 ^For details on MADE please refer to Part III.
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Phase I: Set a baseline for EA by defining EA priorities and self assessment of 
performance.
OutputsSteps
Phase n :  Define EA’s priorities and performance using stakeholder perception data
Steps OutputsChoose Stakeholder 
 -G ro u p -— —
Next
Stake­
holder
Outputs from Phase 1
EA priorities and scores
Stakeholder names
Stakeholder weight clusters
Define representative stakeholders
Cluster Stakeholder data
Stakeholder specific weights 
and performance scores
Data analysis of weights and 
scores
Design a strategy hierarchy for EA 
Group
Stakeholder driven strategy 
hierarchy
Define EA own priorities and 
perception of own performance
Quantify for each stakeholder their 
priorities and performance scores
Group priority weights and 
performance scores
Baseline of EA Group’s priorities 
and performance
Identification of EA Group’s main 
stakeholders
Outputs from Phase 2
Stakeholder cluster priorities and scores
Roundtable discussion between EA and stakeholder representatives
Compare and contrast gaps in EA data and stakeholder data
Develop action plan to close gaps and maximise value of EA
Phase n i: Close the gap and maximise the value of EA to the business
Figure 1 Process Methodology
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The developed process is made up of three phases. Phases I and II are essentially 
iterations of the MADE model, and aim to define the priorities for Environmental 
Affairs based on the group’s own perceptions (Phase I) and those of the group’s main 
external stakeholders (Phase II).
The data outputs from Phase I and II are then used within the third and final phase of 
the research to define an action plan for the Environmental Affairs group which is 
sensitive to stakeholder priorities. This action plan therefore aims to maximise the value 
of the group’s outputs to its stakeholders and consequently, by more effectively 
promoting the value of environmental excellence, lead to continuous improvement in 
the environmental performance of Xerox Ltd.
The process, methodological foundations and results from each phase and stage are 
described in the following sections.
4.1 P h a s e  I -  F in d in g  t h e  P r io r it ie s  o f  E n v ir o n m e n t a l  A f f a ir s
The first phase was designed to use components of the MADE methodology. It aims to 
define a mission for Environmental Affairs and priorities for specific actions or tasks 
that contribute to the achieving the set mission together with a stakeholder specific 
baseline performance figure. These tasks have been achieved over three steps.
S tep  1: S tra tegy H ierarchy  D esign  f o r  E n v iro n m en ta l A ffa ir s
This step of the process aimed to define an overall mission and specific actions or tasks 
which would contribute to the mission. By structuring these into a hierarchy the aim 
was to design a strategy hierarchy for the Environmental Affairs group. In this context a 
strategy hierarchy is essentially the same as a ‘value tree’ ;^ however the different 
terminology is used to demonstrate that the structure has been developed to evaluate a 
strategy rather than an investment option. This hierarchy therefore forms the basic 
reference framework for the remainder of the project.
To achieve this task interviews were set up with eight members of the Environmental 
Affairs group (See Appendix I for a copy of the questionnaire). The individuals 
interviewed covered a wide range of responsibilities and functions, as follows:
• Director responsible for Xerox EH&S policy and direction.
• Environmental solutions manager - responsible for people and places, not products.
• EH&S manager - responsible for production and manufacturing.
• Director human resources and quality for manufacturing and supply chain.
• Business division product manager.
• Environment Affairs group manager.
• Finance manager.
• EH&S support staff.
See Part III for a description of a ‘value tree’.
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The interviews were semi-structured, but allowed freedom for the interviewees to set 
out their own personal feelings on what the Environmental Affairs group’s mission and 
tasks should be and who their stakeholders are.
The results from all the interviews were fed back to Environmental Affairs through an 
interim report which summarised the main topics of discussion and classified these into 
a mission statement and specific tasks. On the basis of these definitions the report also 
contained a proposal for a strategy hierarchy for the group. Interviewees were invited to 
feedback their comments and these were used to finalise the design of the strategy 
hierarchy.
Figure 2 shows the final design of the hierarchy. The Environmental Affairs group’s 
mission is shown at the top, below which are shown the core tasks (first level attributes) 
required to achieve the group’s mission. The principle stakeholders addressed by the 
mission and core tasks are shown at the bottom of Figure 2.
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Mission
To gain top level company commitment and fully support and promote Xerox Ltd.’s environmental 
policy commitments and hence be able to effectively provide leadership and direction to ensure that “The 
Document Company” Xerox is recognised and is amongst the world-wide leaders in EH&S and therefore 
is able to gain competitive advantage and influence legislation and standards
Recognition of Performance 
Internally
Recognition of Performance 
Externally
Influencing Attitudes
Understanding Requirements 
of Principle Staikeholders
Ensuring EH&S is integrated 
into the Business
Developing Xerox Ltd’ 
Ability and influence in 
setting standards
Stakeholders
IT Industry
Other StaffExecutive Board Sales Staff
Pressure GroupsGeneral Public
Business
Groups
Customer
Decision Makers/ 
Legislators
Figure 2 Environmental Affairs Strategy Hierarchy
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Step  2: Group P airw ise C om parisons and  P erform ance A ppra isa l
An interactive group session was arranged involving all the members of the 
Environmental Affairs group. This had two tasks; 1) to define the group’s priorities, and 
2) define the group’s perception of its performance with respect to the identified 
stakeholders. It is worth distinguishing the difference between performance and priority 
data. The role of the performance data is to establish a baseline total index of 
performance, whilst priority data (which is a measure of an individual’s trade-offs) is 
required not only for calculating a total index but also for measuring the priority gaps 
between stakeholder groups. The outputs of these two task are describe separately 
below.
Environmental Affairs’ Priorities
The groups’ priorities for the core tasks were elicited using the MADE’s pairwise 
comparison model. This was achieved through a group session during which the group 
were guided through the necessary pairwise comparisons. This approach was found to 
be particularly effective, because it helped to break down the task of priority setting into 
smaller simpler sub tasks, which was conducive to group appraisal and discussion. The 
weights defined through this session for the core tasks are summarised in Figure 3.
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Figure 3: Core Task Weights for Environmental Affairs Group
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Environmental Affairs Performance Scoring
The performance scoring was facilitated by a series of specially designed ‘word’ 
models. Once again an interactive group session was used to facilitate this process. 
Figure 4 shows an example ‘word’ model used to self-assess the Environmental Affairs 
group’s performance. Similar ‘word’ models were designed for scoring the other core 
activities.
Using the ‘word’ model shown here as an example, this has been designed to score the 
group’s performance against the core activity - ‘Recognition of (environmental) 
performance internally’. Since the group’s own perception of performance may vary 
between stakeholders the ‘word’ model has been designed so that it can be used to score 
performance with respect to all the identified stakeholders (see Figure 2).
For example, if the Environmental Affairs group felt that the ‘Executive Board’ 
stakeholder group had a “good awareness and recognition of Xerox Ltd’s environmental 
performance” then the word model (shown here as Figure 4) would indicate the 
Environmental Affairs group should award itself a score ranging between 50 and 75. 
The same procedure was then be repeated for the other stakeholders and continued in 
the same way for each of the remaining core activities identified in the strategy 
hierarchy.
RECOGNITION OF PERFORMANCE INTERNALLY
Generic
Description Specific Word Description Your Score
Top of Class Very high awareness and recognition with frequent examples of use of information
,00
0
□
Above Average Good awareness and recognition with occasional examples of use of information
□ ; 
□
□
Below Average Poor to average awareness with rare examples of use of information
Q
□
0
Bottom of Class Minimal awareness with no known example where information has been used
0
□
□
---- — Q— 0
Figure 4 Example Word Model
S tep  3: A n a ly sis  o f  R esu lts  a n d  C onclusions
The data produced from the previous two steps was analysed and is reproduced here. 
Figure 5 shows the Environmental Affairs group’s overall performance in meeting its 
mission goal with respect to all of its stakeholders. This shows that based on self 
assessment of performance, the Environmental Affairs group are in the ‘above average 
performance’ region. This figure (55) is calculated by summing together the product of 
the scores and weights defined in the previous step. Hence it is a cumulative score 
based on the groups’ performance for all core tasks with respect to all stakeholders.
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Figure 5 Environmental Affairs Group Overall Performance
The results were also analysed on a stakeholder-specific basis. Figure 6 summarises the 
results of this analysis. This figure was created by combining three sets of data 
produced by Environmental Affairs; the priority weights for tasks, stakeholder specific 
scores for each task, and stakeholder relative importance for each task. The same 
information is shown Figure 7; however in this case performance is shown by core task.
When viewing Figure 6 and Figure 7, the length of the bar indicates the maximum 
weighted score possible against a particular stakeholder/task. The shaded region 
indicates Environmental Affairs’ actual assessed weighted score. The difference is 
therefore an indication of the potential to improve performance. Adding together all the 
shaded regions will give Environmental Affairs’ score of 55 (see Figure 5) whilst 
adding together the heights of each bar will give 100, the maximum score.
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Figure 6 Stakeholder Performance Analysis
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Figure 7 Performance by Task
Clearly the analysis so far is based on a self-assessment of performance. However it 
does indicate a number of revealing and interesting results:
• Based on the group’s own priorities and scores it shows a number of areas in which 
the group can improve. For example, ‘business group managers’ who are seen as an 
important stakeholder group register a low weighted score as a percentage of the
Part IV 10 Graham Eari
Xerox - Test Case 4 /4______________________________    Engineering Doctorate
maximum possible. In other words the length of the bar in Figure 6 is relatively long 
(the group is important) and the shaded region of this bar is small (Environmental 
Affairs are not performing well with respect to this group).
• From a stakeholder perspective, ‘customers’ are seen as being the main focus for the 
group’s efforts. Figure 6 shows that this is the most import stakeholder for the 
Environmental Affairs group. This ties in closely with the company’s philosophy, i.e. 
a recent Xerox campaign has focused on and embodies the slogan - Customer First. 
Compared with the ‘business group managers’, the Environmental Affairs group is 
performing proportionately better with ‘customers’.
External recognition is the most import core task and one in which the group sees 
itself performing poorly (See Figure 7).
4.2 P h a s e  n  -  F in d in g  t h e  P r i o r i t i e s  o f  E n v i r o n m e n t a l  A f f a i r s ’ 
S t a k e h o l d e r s
This phase of the test case aimed to compare and contrast the self-assessed 
Environmental Affairs group priorities and performance with the priorities and 
performance perception of key stakeholder groups. Hence it forms a simplified iteration 
of the original analysis but using the specific views of the stakeholder groups identified 
and represented in Figure 2.
The first phase showed that ‘business group managers’ (See section 4.1 and Figure 6) 
are both an important stakeholder group and one with which the Environmental Affairs 
group feels it is not performing well. The decision was therefore made to measure and 
compare the priorities of this group with those of Environmental Affairs. If this process 
was found successful, then the other stakeholder groups identified in and shown in 
Figure 2 could be approached and analysed by the same process.
It was also decided that it would not be necessary for the researcher (Graham Earl) to be 
involved in the priority and gap measurement processes with the other stakeholders. 
Essentially it then becomes a process and not a research exercise and would not bring 
any added value to the research. This report therefore only presents the results from the 
‘business group manager’ stakeholder group. Environmental Affairs have applied this 
research’s approach with the ‘sales manager’ stakeholder group (with similar success) 
and are planning to use the process to address the other stakeholders in the near future. 
The process is therefore ongoing, but the value of this approach to the company has 
clearly been demonstrated.
S tep  1: Id e n tify  sta keh o ld er represen ta tives
This step involved identifying representative individuals to represent the stakeholder 
groups shown in Figure 2. For the ‘business group manager’ stakeholder group this 
resulted in the identification of ten business group managers. This sample was designed 
to cover the full breadth of Xerox’s product and service lines. Therefore it included 
business group managers responsible within the UK and Europe for:
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• Consumables, e.g. paper, cartridges.
• Service contracts.
• Low and high volume, new and current consumer products, e.g. photocopiers, 
printers.
• Industrial machines.
S tep  2: P rio rity  a n d  P erfo rm a n ce  S co re  E xerc ise
Each of the ten business group managers was contacted and invited to contribute to the 
research project and this resulted in ten interviews (with one exception all were held at 
the Marlow offices of Xerox).
Each interviewee was sent pre-reading which explained the research objectives, a table 
which described each of the Environmental Affairs group’s core activities and what the 
interview would entail. The interviews themselves, which lasted between 45 and 60 
minutes, were used to convey the detailed objectives and methodology and to answer 
the business group manager’s questions. Essentially each interview covered the 
following basic steps^;
1. A simplified strategy hierarchy, which showed only the mission and core tasks, 
was shown to the interviewee. Each of the core tasks was explained and put into 
context by providing an example of what it might mean for their business (see 
Table 1). The core activity definitions remained fixed throughout all of the 
interviews, since it was essential for the integrity of the research that the same 
core tasks were being understood and compared during each interview.
2. Once the core task definitions had been agreed, it was explained that a pairwise 
comparison method would be used to measure their priorities for the core tasks. 
The methodology was briefly outlined and the interviewee was provided with 
input forms to record their pairwise preferences for the core tasks. During the 
exercise the interviewee was encouraged to refer to the summary table which 
defined the core activities being prioritised. The pairwise data was fed into a 
computer model during the course of the exercise and the priority weights 
immediately presented back to the interviewee for comment. This step of the 
process served two purposes. Firstly, it allowed the pairwise comparison 
consistency to be measured and comparisons adjusted if necessary. Secondly, it 
allowed the business group manager to see the result of the pairvrise analysis and 
confirm the resulting priority weights without needing to feed these back at a later 
date.
3. Word models similar to that shown earlier as Figure 4, were given to the 
interviewee who was asked to use the word model description to score how they 
felt Environmental Affairs performed against the six core tasks prioritised in the 
previous step.
 ^Kirstie McIntyre who is an Engineering Doctorate student sponsored by Xerox and is a member of the 
Environmental Affairs group assisted with arranging mid carrying out the interviews
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EA’s set of priorities (not in 
any order)
Description of those priorities
Recognition of EA’s 
performance internally
For example: Should EA place more emphasis on being 
recognised internally e.g. creating more in-house 
awareness and environmental participation?
Recognition of EA’s 
performance externally
For example: Is it more important for EA to have a high 
public profile and be recognised by external groups 
such as customers, pressure groups etc?
Influencing attitudes For example: Is it a high priority for you that EA should 
focus their efforts on changing the attitudes and 
perceptions of people; e.g. re-manufacturing vs second 
hand?
Understanding stakeholder 
requirements
For example: Should EA concentrate on understanding 
and meeting your and other stakeholders’ requirements?
Environmental integration 
into the business
For example: Is it a high priority for you that EA 
develop and improve environmental management 
systems and ensure representation of the environment at 
all levels in the company?
Ability to set and influence 
standards
For example: Should EA concentrate on having a 
presence and say in environmental standards which are 
set externally or internally?
Table 1 Core Task Definitions Shown to Business Group M anagers
S tep  3: C luster A n a ly sis
The priority data gathered through the interviews was subjected to a cluster analysis. 
This aimed to ‘cluster’ together those business group managers who shared similar 
priority weights. Figure 8 shows the priority weights for all business group managers 
which is the starting point of the analysis. In this format the data seems to indicate a 
wide spread of differing priority structures.
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Figure 8 Priority Weights for all Business Group Managers'*
However, using standard deviation as a measure of data similarity it was possible to 
identify three business group manager ‘clusters’. The average priority weights 
calculated for each ‘cluster’ were then taken to be representative for the business 
managers defined within the cluster. Figure 9 to Figure 11 show the weights for the 
three business group clusters, whilst Table 2 to Table 4 summarise the main comments 
emerging from the interviews for each cluster.
Each line records a business manager’s weights. These are not distinguished since the purpose o f the 
graph is to show the large variation and not individual’s weights.
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Figure 9 Weights for Cluster 1: Four Business Group Managers
Top Tasks Comments
Ability to 
influence 
Standards
• Recognition will arise from setting standards.
• This smoothes the path to legislative compliance.
• Business managers lack confidence in meeting legislative 
requirements.
• If don’t get standard then get excluded.
• Internal standard setting is not good.
Understanding 
requirements of 
stakeholders
• Business group are not aware environmentally
• Need help with planning and thinking ahead
• If don’t understand requirement, then can’t design products
Table 2 Cluster 1 Comments
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Business Managers Cluster 2 : Priorities
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Figure 10 Weights for Cluster 2: Four Business Group Managers
Top Tasks Comments
Environmental
Integration
• Integration of EHS into the business should ensure the product 
coming out correctly.
• Environment should be like quality.
• Need to put EHS into selling kits and servicing training.
Understanding 
requirements of 
stakeholders
• Important to understand what the customer wants.
• Ivory tower brochures need more customer consultation.
• Competitive benchmarking is lacking.
• Need list of actions to take - support for today and tomorrow.
Table 3 Cluster 2 Comments
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Business Managers Cluster 3; Priorities
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Figure 11 Weights for Cluster 3: Two Business Group Managers
Top Tasks Comments
Understanding 
requirements of 
stakeholders
• Need to develop an environmental awareness strategy.
• If don’t know what everyone wants then get nowhere.
• Need to know external reasons for doing things.
External
recognition
• Must be proactive in promoting external perception of Xerox.
• Need to ensure Xerox is seen as a leader.
• The high volume/mass market is highly competitive - need a 
market edge.
Table 4 Cluster 3 Comments
It is important to note that the clusters defined by the research were found to be 
independent of the order in which the interviews were held. It is reasonable to assume 
therefore that the interviewers did not introduce significant bias into the process. Also 
analysis of the verbatim comments of those business group managers ‘clustered’ 
together are broadly similar, which would seem to uphold the credibility of the 
analytical clustering.
Apart from the clustering of weights the performance data fi"om the interviews was also 
analysed, but was not subjected to a cluster analysis. Figure 12 below summarises the
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average score and maximum possible score (based on average weights) for the business 
group managers.
Average Business Group Managers - Weighted Score Analysis
□ Maximum Possible Weighted Score 
■ Weighted Score Achieved
30 1-
25 -
15
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Figure 12 Average Weighted and Maximum Scores for the Business Group 
Managers.
The significance of this data is discussed below.
4.3  P h a s e  III -  C l o s in g  t h e  G a p : M a x im is in g  t h e  V a l u e  o f  E n v ir o n m e n t a l  
A f f a ir s
The results from Phases I and II were compared to determine the gaps in priorities and 
perceived performance between Environmental Affairs and the business group manager 
stakeholder groups. At this stage the benefits of stakeholder clustering were borne out 
since it was much simpler to interpret and address the priority gaps for the cluster 
groups than for those generated through the data from all ten interviews. Figure 13 
illustrates in graphical form the difference in priority weights between the 
Environmental Affairs group and the three business group manager clusters.
 ^ The same exercise has been repeated for the ‘Sales Manager’ group and is ongoing for the ‘Customer’ 
group.
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EA VS. Business Manager Cluster Priorities
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Figure 13 Priority Weights for Environmental Affairs and Business Group 
Manager Clusters
Reference to Figure 13 shows that there are some agreements on priorities. However the 
figure also shows some fundamental differences. Looking at the data and verbatim 
comments it is possible to reach some conclusions. Firstly, the overriding drivers for 
each group are:
• Environmental Affairs is driven by external recognition;
• Cluster 1 want to influence standards and have stakeholder requirements better 
understood;
• Cluster 2 want environment performance integrated into the business which will 
drive the rest; and
• Cluster 3 want to promote external recognition and understanding stakeholder 
requirements in order to gain a competitive edge.
Looking at the agreements, all clusters and Environmental Affairs agree that:
• Internal recognition and influencing attitudes has a low priority;
• Understanding requirements of stakeholders is always ranked either first or second.
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However;
• Cluster 1 and 2 disagree on the importance of ‘ability to influence standards’ and 
‘environmental integration’;
• Environmental Affairs and Cluster 3 disagree on the importance of ‘external 
recognition’ with Clusters 1 and 2.
Also Environmental Affairs’ own perception of their performance is more optimistic 
than the average of the business group manager’s perception of their performance (see 
Figure 14).
EA vs Business Group Managers Average Scores
9 0 .0 0
8 0 .0 0 □ Average BMs
7 0 .0 0
6 0 .0 0
o  5 0 .0 0
(/) 4 0 .0 0
3 0 .0 0
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Figure 14 Environmental Affairs and Business Group Managers Average 
Performance Scores by Task (Not Weighted).
In order to better understand these similarities and differences, a roundtable discussion 
was set up between Environmental Affairs and the business group managers. Principally 
the agenda for the meeting was to:
• Feedback the data from the stakeholder and cluster analysis;
• Individually discuss the priority and to a lesser extent performance gaps; and
• Define specific actions for Environmental Affairs to redress the priority gaps and 
maximise environmental value to the business group managers.
Using the priority gap data (which was encapsulated through the cluster analysis) and 
verbatim comments as a basis, it was possible to focus the roundtable meeting into a 
structured two-way process. Indeed, although at times the meeting became quite heated, 
and there was a danger that it would digress, by using the headings and data it was
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possible to manage the meeting and focus the discussion. In fact it quickly became clear 
that the gaps in priorities were in many cases driven by either:
• Misunderstanding by the business group managers of the role of Environmental 
Affairs; or
• Poor process of communication between the Environmental Affairs group and the 
business group manager.
Hence, one of the primary aims of the session, to better understand the source of the 
differences in priorities had been achieved. Indeed one of the major factors which 
helped to identify these sources was the differences in performance shown in Figure 14. 
The ‘under achievement’ shown by this figure (the business managers feel EA are 
performing below what the group itself thinks) resulted primarily from the business 
group managers’ false perceptions of the role and remit of the Environmental Affairs 
group. Hence they felt the group was under-performing, since they expected things from 
the Environmental Affairs group which the group itself did not think were within their 
own remit.
To better understand the specifics behind these differences (priorities and performance 
scores) and actions which can address them, the meeting went through each core task in 
succession. In each case, the business group managers were encouraged to say why they 
felt the task was important or not, and to give specific examples to demonstrate this. 
Members of Environmental Affairs could then suggest ways in which they could best 
support the business group managers. Using this step-by-step approach it was possible 
to set out specific action plans to meet the needs and priorities of the business group 
manager stakeholder group. More specifically the roundtable session, driven by the 
hierarchy structure and prioritised weights was able to:
1. Help Environmental Affairs define itself to the business group managers;
2. Reach agreement on what the business group managers expected of the group;
3. Set out specific responsibilities for Environmental Affairs and the business group
managers;
4. Identify specific actions for Environmental Affairs;
5. Identify specific actions for the business group managers;
6. Agree on future priorities for Environmental Affairs to follow;
7. Agree to monitor and report against action progress; and
8. Agree to repeat this exercise on a regular basis - possibly to meet again in a years 
time.
Apart from these agreements and findings, perhaps most importantly, the meeting was 
able to place environmental performance firmly into a business context and help define 
the importance of environmental performance as a value driver in the business^.
Similar results have also been found for the ‘Sales Manager’ group
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5. Va l u e  A d d ed  to  X er o x  Lt d ’s E n v ir o n m en ta l  P e r fo r m a n c e
In terms of value added from this research application, probably the biggest value 
contributor is that the Environmental Affairs group is better able to define itself and 
thus more efficiently address the priorities of its stakeholders. As such. Environmental 
Affairs is now in a better position to demonstrate and hence promote the benefits of 
pursuing policies at Xerox Ltd which improve the company’s environmental 
performance. Indeed as a direct result of the project it has been possible to define 
explicit ways in which Environmental Affairs could support the ‘business group 
manager’ stakeholder group to gain competitive advantage from Xerox Ltd’s 
environmental performance.
The research has been able to reduce the subjectivity of identifying and meeting 
stakeholder needs, and has clarified the position both of Environmental Affairs and in 
this case of the business group managers. Indeed the methodology has resulted in more 
cohesive discussion on a wide ranging and sometimes ‘woolly’ subject and has enabled 
barriers to be broken down, particularly those concerning communication. As a direct 
result it has stimulated focused actions to address gaps in performance or requirements.
For example, many business group managers were concerned about issues of 
environmental marketing strategy and lacked confidence to meet and prepare for future 
legislation which may affect their business. Another important category was 
responsibilities - which issues came under whose jurisdiction. This research has 
provoked constructive discussion between the two groups on responsibility for these 
and other issues. In fact in the past, some issues have not reached successful 
conclusions due to uncertainty, but this has now been addressed and it has been agreed 
that the two groups should combine to resolve borderline issues such as these 
successfully.
It is important also to recognise that the added value fi*om this project goes deeper than 
just the immediate value outputs discussed above. The research has enabled and set into 
place an ongoing process. As such it is possible to define a number of ‘value blocks’ 
created through this application which can be used as the starting point in later 
applications, as follows:
• Designed a strategy hierarchy to use as a continued frame of reference and focus;
•  Developed processes and set up channels for constructive stakeholder dialogue;
• Set a measurable stakeholder specific performance baseline; and
• Set out the main environmental performance issues and their impact on the business.
In other words, what this shows is that although setting up a dialogue process can in the 
beginning require extra effort, in the long term it is worthwhile because not only wall it 
allow you to reduce the uncertainty associated with the business’s environmental 
strategy it will provide you with a process to better manage the risks and value of the 
strategy into the future. In this case, it has helped the Environmental Affairs group 
prove their benefit to the business and also to define specific actions which aim to 
extend and improve the company’s environmental performance year on year.
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6 . E p i l o g u e
The Environmental Affairs group have repeated the process outlined in this report with 
the ‘sales manager’ stakeholder group. As in this case, the process has identified general 
and specific differences in priorities and performance. These have been used to guide a 
roundtable discussion which resulted in the identification of specific action plans for 
the Environmental Affairs group to follow to better meet the needs of the sales manager 
stakeholder group. The Environmental Affairs group now plans to continue applying 
this methodology with other stakeholder groups. On another note, feedback on the 
process by the Environmental Affairs group has been very favourable. In fact the output 
of this process was used to underpin the group’s application and subsequent award of an 
internal ‘X-Team Award’ from Xerox Ltd.
A p p e n d ix  I  
E n v ir o n m e n t a l  A f f a ir s  Q u e s t io n n a ir e
R esearch  Pro ject  
F or  
R a n k  X ero x
Q uestio nnaire
T o ta l  Va l u e  A na ly sis  o f  
R a n k  X e r o x ’ E n v ir o n m e n t a l , H e a l t h  a n d  
Sa f e t y  P e r f o r m a n c e
INTERVIEWDATA
Name: .................................................................. .
Job Title:......... .................................. ............... .................
Date:
Time: Start:..................................... Finish:.........
Prepared By 
Graham S. Earl 
Surrey University & Paras Ltd 
May 1996
In t r o d u c t io n
Please allow me to introduce myself. My name is Graham Earl and I am an Engineering Doctorate (EngD) 
research engineer sponsored by a small consultancy company. Paras Ltd and the Centre for Environmental 
Strategy at Surrey University.
The main focus of my EngD research, to which this project will add, is to develop tools to quantify (and 
hence help manage) the environmental and financial performance of business projects. In this context, I have 
developed a methodology which helps to define, rank and quantify multi attributes of investment projects. 
The aim of my research is to widen the decision process, to involve more decision factors and also to 
provide a framework within which decision makers can rank and link these attributes to a company’s 
strategic goals.
This project will be carried out in close co-operation with Kirstie McIntyre, of Rank Xerox Environmental 
Affairs, who as you are probably aware is also an EngD research engineer. Therefore an underlying aim of 
the work will be to transfer research and learning between our respective projects.
Setting  Strateg ic  En v ir o n m en ta l  Perfo rm a nce  O b jec tives fo r  Ra n k  X ero x
Rank Xerox Environmental Affairs would like to structure and prioritise their guiding objectives in pursuit of 
their present mission statement, which is to have Rank Xerox recognised amongst the world leaders in 
Environment Health and Safety (EH&S). This research project offers a tool to help Rank Xerox in this task.
The Multi Attribute Decision Environment (MADE) model which has been designed through my research 
work offers decision makers a structured framework within which it is possible to define;
1. An overriding, or Top Level Aim (TLA) for a project
2. Performance attributes that contribute to achieving the TLA
3. Priority weights for each performance attribute
4. Design a decision tree, containing the TLA, performance attributes and weight values
5. Measure and Rank Xerox' EH&S performance against the decision tree criteria and TLA.
The first phase of this project through my MADE model aims to design a hierarchical decision tree which 
defines Rank Xerox' TLA, and performance attributes that contribute to achieving it. It is important that a
company wide perspective is taken therefore interviews are being arranged with Rank Xerox staff from
across the full breadth of the company.
W h at  It  Involves
This document is intended to give you prior knowledge of the questions I will be asking you during the 
course of our planned interview. It is hoped that this will allow you to reflect on some of the questions and 
to prepare questions of your own to help your understanding of the exercise. The questionnaire leaves 
spaces to let you make notes, or simply jot down key words which you feel will help us through the 
interview. The interview should last between 30 and 45 minutes.
The questionnaire is made up of three sections.
Section 1: Your Involvement and Responsibilities
This section of the questionnaire aims to determine your role and involvement in defining 
and meeting environmental policies and goals in Rank Xerox.
Section 2: Defining a Mission or Top Level Aim for Rank Xerox Environmental Affairs
This part of the questionnaire aims to determine what in your opinion Rank Xerox' principle 
objective should be in terms of its Environmental performance and policy. This is termed the 
Top Level Aim (TLA) definition.
Section 3: Decision Tree Performance Attributes
This part of the questionnaire aims to identify more specific performance criteria which, in
combination add to help Rank Xerox achieve its Top Level Aim.
D e sig n in g  A  D e c isio n  H ie r a r c h y - A n  E x a m p l e
Ultimately the aim of the interviews is to elicit your views and use these to construct a decision tree which 
can be used to measure Rank Xerox’ progress towards meeting its top level goal. The advantages of this 
approach are;
• Through interviewing diverse personnel from the organisation it is possible to obtain a wider 
perspective on the driving forces and critical success factors for achieving Rank Xerox' goals
• The decision tree forces a structure on the decision analysis, hence helping decision makers
understand the principle performance factors and their interrelation.
• The decision tree helps to define qualitative and quantitative criteria to use in measuring a projects
total value.
• Measures taken from the decision tree provide useful benchmarks and because the performance
criteria are weighted it is possible to best prioritise improvement projects to have the greatest impact 
on Rank Xerox' TLA.
A skeletal example of a possible decision hierarchy is illustrated below. Not much detail is provided since I 
do not want to influence your views in any way but just wish to give you an idea o f the process and what it 
aims to achieve.
Decision Tree for a Meeting Rank Xerox' EH&S Strategic Objectives
CommitmentInnovation
Top Level Aim 
Ensure continued credibility o f  Rank 
Xerox as a well managed and 
conscientious company
Waste Management
Principle
Performance
Attributes
SustainabilityEnergy Policy
Sub Attributes ■ ' Sub Attributes • ' Sub Attributes Sub Attributes Sub Attributes
1
Measure project to meet Top Level Aim
W h at  H appens  A fterw ards
The design of the decision tree forms the first, but critical phase in the overall value analysis of Rank Xerox' 
EH&S performance. I aim to use the information generated through the interviews to design a "Company 
Wide" decision tree, encompassing all the issues raised in the interviews. This will then form the basis for 
measuring Rank Xerox' progress towards achieving its top level goal and provide a structure against which 
to measure improvement project and track Rank Xerox' progress from period to period.
The subsequent phases of this research will involve defining the relative importance o f the principle 
performance measures defined in the decision tree. In this respect I have a methodology which can calculate 
the relative weights for performance attributes based on pairwise judgements made by decision makers. I will 
tell you more about this stage of the research project at the end of our interview.
If you have any questions pertaining to the planned interview which you would like answered in advance 
then please do not hesitate to contact Graham Earl direct by phone or fax on 0181 761 7314 .
S e c t io n  1 Y o u r  In v o l v e m e n t  a n d  R e s p o n s ib il it ie s
1. Can you define for me your position within the Rank Xerox organisation structure?
2. Can you briefly describe what your principle work responsibilities are and how these influence Rank 
Xerox' EH&S performance.
Sectio n  2 D e fin in g  a  M issio n  o r  T o p  Le v e l  A im  fo r  R a n k  X ero x  En v ir o n m e n t a l  A ffair s
1. Rank Xerox Environmental Affairs' mission has previously been defined as:
To provide leadership and direction to ensure that Rank Xerox is recognised amongst the 
world wide leaders in EH&S.
Do you agree with this definition? If yes, why and if not how would you define Environmental 
Affairs' mission?
2. How do you see any EH&S mission goal fitting in with other Rank Xerox strategies, especially its 
Business strategy?
What do you see as the role of Environmental Affairs and the benefit it can add to Rank Xerox.
Se c t io n  3 D e c is io n  T r e e  Pe r f o r m a n c e  A t t r ib u t e s
1. The Environmental Affairs working group has identified 10 goals, or in the terminology of the
MADE model performance attributes that contribute to achieving Rank Xerox' Top Level Aim. For 
each of these can you comment whether it is relevant, how it contributes to the TLA and what 
might be specific measures (benefits and costs) to gauge performance o f this attribute.
1.1 Surpassing external standards - Doing better than just meeting external standards
1.2 Setting the standards - Forcing standards up to follows the example set by Rank Xerox
1.3 Recognition of performance - Both internally and externally by all stakeholders
1.4 Innovation - Have an innovative EH&S approach
1.5 No compliance issues - Doing better than just complying with standards/issues
1.6 Full integration of EH&S into the business - Ensuring that EH&S is accepted throughout the 
whole company
1.7 Influencing change - Leader o f change, not follower
1.8 Influencing attitudes - Changing the way people think about doing business
1.9 Product stewardship - Extending this throughout Rank Xerox and externally
1.10 Sustainable Development - Defining what this means for Rank Xerox and showing a commitment
2. Could some of the measures detailed above be defined better? Is there any redundancy, or overlap in 
the attributes described above?
Are any performance attributes missing? If so what are they and how do they contribute to the TLA?
4. Can you identify any critical success factors for Rank Xerox if they want to achieve their EH&S Top 
Level Aim?
5. Which stakeholders groups do you think might have an interest in the EH&S performance of Rank 
Xerox? For each group identified can you explain more specifically which performance attributes 
they might be interested in and why?
Stakeholder group Principle EH&S Performance Interests
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Su m m a r y
B a ckg ro u n d
In 1994 the University of Surrey signed the CRE Copernicus Declaration for 
Sustainable Development which commits it to improving its environmental 
performance. In the same year it also began its pursuit of improved environmental 
performance by developing an environmental policy. It has recently agreed upon an 
environmental policy statement to guide its pursuit of environmental performance 
improvement and is due to develop a detailed environmental policy and management 
system by March 1999. This research project was therefore initiated to try 
systematically to involve a selection of the University’s stakeholders in the development 
of its environmental policy.
P ro jec t O bjective
Apart from the significant research objectives driving this project, the underlying 
objectives of this project were:
1. To test the stakeholder concept in the HE sector;
• Is entering dialogue with stakeholders worthwhile?
• Can a stakeholder driven strategy be developed?
2. To develop the University’s environmental strategy;
• To identify where the University’s environmental performance ranks in 
comparison to other categories of performance according to a selection of the 
University’s stakeholders.
• To identify what categories of environmental impact are of most concern to a 
selection of the University’s stakeholders.
Part IV Graham Ear!
Test Case Reports____________________________ -  Engineering Doctorate
Highlights
Over a period of several months, 42 stakeholders and stakeholder groups were engaged 
in a structured interview. The stakeholder interviews covered two parts. The first part 
aimed to define the relative importance to stakeholders of the University’s 
environmental performance against other major aspects of the University’s activities, 
services and operations, such as financial performance, ethics, quality. The second part 
aimed to define the relative importance stakeholders place on the various ways in which 
the University may impact on the environment. The stakeholders engaged included the 
majority of the University's most senior employees, representatives from lecturers, 
students, operational staff, the funding councils, locally elected representatives and 
environmental groups.
Analysis of the stakeholder data has shown both differences and similarities in 
individual and stakeholder group preferences. That is to say the analysis identified 
trends across the whole data set (i.e. all individuals) and across individuals classified 
into a specific stakeholder group, for example employees. In general it is possible to 
conclude that the differences (between individuals or groups weights) outweigh the 
similarities, nevertheless both are important findings in terms of a process which aims 
to develop a stakeholder sensitive strategy. In general the identified ‘similarities’ can be 
used as the basis for designing the general guiding principles for the strategy and the 
‘dissimilarities’ as the basis and focal point for continued discussion and dialogue.
In this case the ‘similarities’ imply that ‘Health and Safety’ and ‘Quality of Services’ 
are the most important performance criteria for the majority of the stakeholders 
interviewed. Therefore, if  the university wishes stakeholders to buy in to its 
environmental policy it should aim to integrate its environmental management systems 
with its Health and Safety and Quality management systems. In other words the 
environment performance should be shown as a complementary and not as an 
independent element of the University’s overall performance.
In terms of environmental impacts the trends were not as strong. Stakeholders were 
asked to prioritise impacts (e.g. smog potential, eutrophication) and not issues (e.g. 
waste, transport) and this meant many stakeholders were unfamiliar with the impacts 
and consequently struggled with the exercise. However the results do show that a 
significant majority of the stakeholders place highest priority on human health, smog 
formation and ecosystem degradation each of which is of course a highly local and 
immediate effect. Global issues such as acid rain and ozone depletion were generally 
given limited priority. There was a further suggestion that according to stakeholder 
concerns, the university’s most significant environmental impacts surround the human 
health effects of its activities, e.g. its use of chemicals and other hazardous substances, 
and the generation of hazardous waste.
What is very interesting is that if the study had asked stakeholders to prioritise issues it 
is unlikely that the trend for local and immediate effects as opposed to global less 
certain effects would have been noticeable. For example a high priority on transport 
tells you very little about a stakeholder’s underlying drivers, whilst using impacts does.
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Therefore it is felt that the disadvantage of using issues outweigh the disadvantages of 
using impacts.
In terms of using the preference data to develop a stakeholder sensitive strategy, the 
results are sufficiently encouraging to suggest that the identified similarities and 
differences can sensibly be used as an efficient focal point to manage further dialogue. 
Indeed the theme running across the whole study has been that the stakeholders 
identified and approached have on the whole been receptive and interested both in 
taking part but also in receiving feedback from the process. The latter would indirectly 
suggest that they are not only interested in the study’s finding but also presumably are 
interested to contribute further. In this respect therefore the role and results of this study 
are much more suited to the shaping and moulding of an environmental strategy rather 
than its design and specification.
Stakeholder identification and classification is shown to be a critical element of the 
process In fact the analysis has indicated that it may be a prerequisite of stakeholder 
classification to carry out some sort of preliminary screening exercise. Indeed if the 
stakeholder group being addressed is particularly heterogeneous and difficult to 
represent it may be preferable to use a remote postal survey (to increase the sample 
size) most probably coupled with a select few one-to-one interviews.
Overall in terms of the aims and objectives set out for this project, it is felt that these 
have on the whole been met. From a research perspective this project has shown that the 
SVA’s MADE model can be applied with and the data interpreted from a wide and 
disparate set of stakeholders. Purely from a practical perspective the results have been 
able to define some specific recommendations for designing a stakeholder sensitive 
environmental strategy for the University of Surrey. Whilst the exercise itself has 
stimulated interest amongst the University’s stakeholders and offers a basis for 
continued dialogue.
It is therefore the intention to use the results of the study to develop an environmental 
strategy and to prioritise activities for attention in the ongoing development of the 
University of Surrey’s environmental policy.
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1. B a c k g r o u n d
The stakeholder concept is now ubiquitous. Originally coined from the first American 
settlers who banged ‘stakes’ into their land to denote possession\ the term has since 
become part of the fabric of today’s society, particularly in the UK where the pursuit of 
a ‘stakeholder society’ has become a key item on the Government’s agenda^ 
Companies have always balanced the concerns of competing interest groups to govern 
the way they operate e.g. shareholder’s dividends versus employee’s pay; but today’s 
concept of the ‘stakeholder’ is nascent in comparison.
Its emergence can be traced back to the 1970’s global environment and development 
movement where the exclusion of groups and individuals from the decision-making 
process was frequently cited as a contributory factor to environmental degradation and 
as a hindrance to development (Davey, 1998). In 1980 the World Conservation Strategy 
identified “Local community involvement and other forms of public participation in 
planning, decision-making and management .... (as) valuable means of testing and 
integrating economic and social objectives”(IUCN, 1980). More recently in 1992 the 
United Nations Conference on the Environment and Development produced (among 
other documents and actions) Agenda 21, a broad 40 chapter statement of goals and 
potential programs related to sustainable development. A recurring theme throughout 
the document is increasing cross-sector consultation and participation in decision­
making (United Nations, 1992):
One of the fundamental prerequisites for the achievement of sustainable development is broad 
public participation in decision-making. Furthermore, in the more specific context of 
environment and development, the need for new forms of participation has emerged. This 
includes the need of individuals, groups and organisations to participate in environmental 
impact assessment procedures and to know about and participate in decisions, particidarly those 
which potentially affect the communities in which they live cmdwork. (Chapter 23 Para 23.2).
One of the major challenges facing the world community as it seeks to replace unsustainable 
development patterns with environmentally sound and sustainable development is the need to 
activate a sense of common purpose on behalf of all sectors of society. The chances of forging 
such a sense of purpose will depend on the willingness of all sectors to participate in genuine 
social partnership and dialogue, while recognising the independent roles, responsibilities and 
special capacities of each. (Chapter 27 Para 27.2).
Business and industry, including transitional corporations, should ensure responsible and 
ethical management of products and processes from the point of view of health, safety and 
environmental aspects. Towards this end, business and industry should increase self-regulation, 
guided by appropriate codes, charters and initiatives integrated into all elements of business 
planning and decision-making, and fostering openness and dialogue with employees and the 
public. (Chapter 30 Para 30.26).
A number of organisations have supported these recommendations by exerting pressure 
on companies to engage their stakeholders, e.g. The Advisory Committee on Business 
and Environment (ACBE, 1997), the World Business Council for Sustainable 
Development (WBCSD, 1997), the United Nations Environment Programme - Industry
 ^ The Guardian Stakeholder Debate, http://www.guardian.co.uk
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and Environment in partnership with the consultancy firm SustainAbility and the 
Institute of Environmental Management (lEM, 1996).
Through the 1990’s business and industry have gradually been responding. An 
increasing number of organisations are now producing corporate environmental reports 
(CERs) with the latest trends towards social reporting^. As a form of public disclosure, 
CERs are often the first steps towards stakeholder consultation or dialogue but do not 
demonstrate such activities per se. In comparison, social reports detail the socially- 
related activities of the organisation and do demonstrate through their existence some 
form of stakeholder consultation. Social reports essentially detail what not i f  
stakeholder consultation or dialogue has been conducted.
Most stakeholder consultations seem to conclude how worthwhile the experience has 
been yet few have actually identified the financial costs and/or savings involved (for 
example Earl and McIntyre, 1998). Therefore on the assumption that entering 
stakeholder dialogue would be worthwhile but not necessarily financially beneficial, a 
stakeholder study was developed for the University of Surrey with both research and 
practical aims. Academia is not exempt from Agenda 21 obligations or requirements. 
Not only does it have a role to play as a business (through ftmding cuts, universities 
have been compelled to operate in a supposedly businesslike fashion) and as an 
educator (specific chapters of Agenda 21 relate to the provision of education for 
sustainable development), but also as a member (or oft claimed leader) of society. 
Within this context, this study was developed to investigate to what extent the 
stakeholder concept is relevant to the UK Higher Education sector, as represented by 
the University of Surrey.
In 1994 the University of Surrey signed the CRE Copernicus Declaration for 
Sustainable Development^ which commits it to ten principles :
1. Institutional commitment
2. Environmental ethics
3. Education of university employees
4. Programmes in environmental education
5. Interdisciplinarity
6. Dissemination of Knowledge
7. Networking
8. Partnerships
9. Continuing education programmes
10.Technology transfer
In the same year it also began its pursuit of improved environmental performance by 
developing an environmental policy. It has recently agreed upon an environmental 
policy statement to guide its pursuit of environmental performance improvement and is 
due to develop a detailed environmental policy and management system by March 99.
 ^ For example, The Body Shop Values Report 1997, The Shell Report 1998 - Profits and Principles - does 
there have to be a choice and BP Social Report 1997.
^Association o f  European Universities (CRE) Copernicus Programme, http://www.infu.unit- 
dortmund.de/COPERNICUS/charter.htm.
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To that end, this stakeholder study was initiated to try systematically to involve a 
selection of the University’s stakeholders in the development of its environmental 
policy.
2. In t r o d u c t io n
The general objectives of the study are twofold : firstly for research purposes, to test the 
stakeholder concept in a Higher Education institute; secondly, to obtain information 
that may be of use in the development of the University’s environmental policy. To this 
end, the stakeholder study was developed to investigate whether or not entering 
dialogue with a carefully selected number of University stakeholders could assist the 
development of its environmental policy.
The study has been designed to complement two disparate strands of research by Davey 
et al, and Earl. The SMART Approach to Managing Environmental Impacts, outlined by 
Davey et al {\991), describes three interrelated techniques for managing environmental 
impacts, including using stakeholders’ concerns to identify the significance of 
environmental impacts. This study aims to demonstrate an approach to conducting this 
third stage, by using the University of Surrey as a case study. ,
Earl’s Stakeholder Value Analysis concept, which is underpinned through a Multi 
Attribute Decision Environment (MADE) model has been tested and validated through 
a number of applications in the corporate sector. The underlying theme of all these 
applications has been to support the definition, prioritisation and integration of a wider 
stakeholder audience’s priorities and values in the decision process. Documented 
studies using the MADE model in the literature include:
1. Waste management contractor selection using internal company stakeholder 
priorities and values; (Earl e/a/,1998; Earl, 1996)
2. Design of a stakeholder sensitive strategy for Xerox’s Environmental Affairs group 
(Earl and McIntyre, 1998)
3. Stakeholder value analysis of an investment into a biofilter. (Earl, 1997)
Complementary to these studies Earl et al also investigated and applied other decision 
support tools in the context of stakeholder value measurement, for example, a Total 
Cost model (Earl, 1996a), and a conjoint analysis model (Earl and Clift, 1998)
This study, which aims to identify and measure the relative priorities of a wide and 
disparate set of stakeholders of the University of Surrey will provide further data and 
support for the validation and continued development of Earl’s Stakeholder Value 
Analysis approach. In particular it is hoped that this study will help to underline Earl et 
a /’s (1998) approach to conflict resolution. This approach which is based on active 
structuring and measurement of stakeholder priorities argues that it helps not only to 
define the issues over which there is conflict but most importantly also the issues over 
which there is consensus. This then offers a credible starting point to focus the 
continued debate on those issues which really matter and prevents wasteful discourse on 
those issues on which stakeholders agree.
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The SMART approach to environmental management involves three stages: the 
development of an environmental policy according to the criteria of Specific, 
Measurable, Achievable, Resourced and Timed, i.e. SMART; the identification and 
reporting of contributions to defined categories of environmental impact; using 
stakeholders’ preference to identify which impacts are considered the most significant. 
The use of categories of environmental impact rather than environmental ‘issues’, is 
discussed below.
2.1 Im pa c t s  VS. Issu es
Environmental performance typically refers to how well an organisation manages its 
environmental impacts and usually involves intentions to reduce negative and increase 
positive environmental impacts. The most popular approach for describing 
environmental performance is to compare how the organisation’s activities perform 
against contemporary environmental issues, e.g. waste production, transport use, energy 
consumption, materials consumption. Clearly, none of these are environmental impacts 
in themselves, yet all of them lead to environmental impacts, which can be managed. 
Thus traditionally, organisations who have reported on their environmental performance 
have not actually cited their contributions in terms of impact categories; they have 
instead preferred to use indicators such as CO2 emissions and energy consumption 
(Bennett and James, 1998). In some cases this has led to a misinterpretation of the terms 
used, e.g. the Thames Water Environmental Review 1997, refers to ‘energy 
consumption’ as an environmental impact, while in the strictest sense, energy 
consumption is an activity which is associated with many environmental impacts 
(global warming, resource depletion).
Probably, the most famous exception to this traditional approach is ICI, who in 1995, 
pioneered an impact-focused approach called “Environmental Burden : The ICI 
Approach”. This uses six categories of environmental impacts and identifies the weights 
(kg) and ‘potency factors’ for each substance that contributes to one of the categories of 
impact (substances may contribute to more than one category with a different potency 
factor). It therefore now has a quantified measure of its contribution to each impact 
category and has taken a 1995 baseline against which to measure future performance 
(ICI, 1995).
Although it may be acceptable for industrial organisations to report environmental 
performance against environmental issues (many of these type of reports have been 
labelled as ‘glossy greenwash’, Sustainability/UNEP, 1996)), academia has educational 
as well as operational responsibilities to fulfil. In addition, institutions active in 
environmental management research are likely to be scrutinised more carefully for 
evidence of greenwash, rhetoric or hypocrisy. There are therefore several compelling 
reasons why the University o f Surrey should adopt an impact-focused environmental 
policy and contribute to the development of this approach as a mainstream 
environmental strategy.
An environmental impact has been defined as “any change to the environment, whether 
adverse or beneficial, wholly or partially resulting from an organisation’s activities, 
products or services” ISO 14001 (1996). Clearly this definition has limited value in 
trying to quantify environmental impacts associated with an activity, because a change
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to the environment could include microscope entities such as a temperature change. In 
practical terms, a better working definition emerges if an environmental impact is 
considered to be a subjectively chosen end-point in a chain of events that have cause 
and effect. For example, a series of events is shown below.
release o f  C 0 2  from human activity
accumulation o f  C 02  in atmosphere
increasing trapping o f  reflected solar rays
(predicted) warming o f  earth’s average 
temperatures (global warming)
(predicted) changes in climate
shift in growing seasons? more frequent and violent storms?loss o f  low-lying land?change in sea-level?
increased starvation?
Within the above chain of events, one could designate any point as an environmental 
impact category (eg change in sea level or ‘global warming’) and measure the change 
due to initial release of CO2 if the change (or potential change) can be quantified, 
measured, traced and attributed to the release.
In comparison ‘environmental issues’ are typically ill-defined, often contribute to 
several categories of environmental impact (e.g. ‘transport’ can contribute to global 
warming and smog production) and are sometimes interlaced with the complexities of 
social issues (e.g. congestion effects of transport) which are not strictly the province of 
an environmental policy, although undoubtedly the province of a ‘sustainable 
development’ policy. What is important in a management context are the impacts and 
the change in the environment, not the issue in itself.
2.2 C a t e g o r i e s  OF E n v i r o n m e n t a l  I m p a c t
Within life-cycle assessment, categories of environmental impact are defined and units 
established with which to measure contributions to the category. When comparing 
different products or processes with the same functional unit (i.e. unit of service 
provided), the differences in the contributions to the impact categories can be evaluated 
and reductions/increases identified. Often, there is a trade-off between increases in 
contributions to one category at the expense of reductions to another and a decision still 
has to be made (either by the LCA practitioner or by the audience) on the relative 
importance of impact categories which are essentially and fundamentally non­
comparable (see for example Clift, 1998). In the strictest sense therefore it would be
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morally and ethically wrong to impose a common metric across these impacts, since 
they can be viewed as categorically different.
However, if the objectives of the exercise (in this case to help define an environmental 
strategy for University) are made explicit to stakeholders then there is a counter 
argument which states than the stakeholders will be able to make these trade-offs since 
they will represent their ‘preferences’ and not their deeper value systems.
The University of Surrey is developing an environmental policy and strategy and at 
some stage in the near future will have to rank the significance of its environmental 
impacts. There are a number of methods for identifying and ranking the significance of 
environmental impacts (Hillaiy, 1996). Significance is not simply dependent upon the 
size of the impact but also upon background conditions and perhaps more essentially 
stakeholders concerns (lEM, 1996). Thus other considerations need to be accounted for 
including the existing background conditions and of course the concerns of 
stakeholders.
2.3 W h a t  IS a ‘St a k e h o l d e r ’
There are many definitions and interpretations of the ‘stakeholder’. Cowell et al (1997) 
have reported the definition of a stakeholder as :
‘'Someone with a legitimate interest in the decision. ‘Someone' may be an 
organisation or individual and ‘legitimate ' is defined as someone who may be 
affected by the decision. People or organisations without a legitimate interest in 
the decision are considered to be interested parties ”.
Clift (1998a) has expanded on this definition to imply that:
“ ... it is entirely right for the definition o f  the stakeholder or ‘interested party ' 
to be part o f  that (decision making) process - i.e. stakeholders must be accepted 
as such by the other stakeholders.”
In contrast, the UK Advisory Committee on Business and Environment (ACBE) do not 
use the term stakeholder but instead refer to ‘interested parties’ as “anyone who thinks 
(s)he is”(ACBE, 1997).
The most popular definitions refer to those affecting and being affected by the activities 
of organisations:
“Stakeholders are defined as those people who are affected by, and affect a 
company's activities” VSM. {1995).
“those groups and individuals who either affect, or are affected by, the 
activities o f an organisation. ” SustainAbility/UNEP (1996a)
“Stakeholders are individuals and entities who can be influenced by, or can 
impact upon an organisation. ” Wheeler and Sillanpaa (1997)
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Within the scope of this study, we have adapted the SustainAbility/UNEP definition, so 
that a University of Surrey stakeholder is defined as anyone that can affect or can be 
affected by the University's environmental policy and strategy.
2.4 O v e r a l l  A im s  OF THE St u d y
1. To apply and validate the MADE model with a disparate set of stakeholders with 
potentially significantly different priorities'^ and hence show its value as a strategy 
design and dialogue facilitating tool.
2 . To apply the third stage of the SMART Approach.
3. To test the stakeholder concept in the HE sector;
• Is entering dialogue with stakeholders worthwhile?
• Can a stakeholder driven strategy be developed?
4. To develop the University’s environmental strategy:
• To identify where the University’s environmental performance ranks in 
comparison to other categories of performance according to a selection of the 
University’s stakeholders;
• To identify what categories of environmental impact are of most concern to a 
representative selection of the University’s stakeholders.
3. M e th o d o lo g y
The Multi Attribute Decision Environment (MADE) model, which is a standalone 
component of Earl et a /’s (1998) Stakeholder Value Analysis (SVA) Toolkit was used 
as the central part of this project’s methodology. The MADE model, which is a multi 
attribute decision model, provides a structured process to support the canvassing, 
quantification and analysis of stakeholder priorities. In this respect therefore it is 
appropriate for helping to meet the objectives of this project. Other components of Earl 
et a /’s (1998) SVA Toolkit include; the Paras financial model (Earl, 1996a), option 
invention (Earl et al, 1998) and conjoint analysis (Earl and Clift, 1998), however these 
tools are not appropriate within the context of this study and are therefore not expanded 
upon here.
Identification, quantification and analysis of stakeholder priorities using the MADE 
approach covers four basic steps:
1. Stakeholder Identification;
2. Value Tree Design;
3. Priority quantification;
4. Analysis of stakeholder priorities.
^ See Section 2.2 which discusses the difference between priorities (or preferences) and a stakeholder’s 
deeper ‘values’
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3.1 St a k e h o l d e r  Id e n t ific a t io n
This step involves identifying the relevant stakeholders of the decision. This is not as 
straightforward as it seems since the following challenges need to be resolved:
1. Resolution: how to define a stakeholder group and which groups to include in the 
study.
2. Representation: who should be chosen to represent a group.
The first challenge revolves around stakeholder resolution or how tightly to define 
stakeholders groups and which ones to include in the study. There are obviously trade­
offs between defining a large number of groups, the financial costs of the exercise and 
the manageability of the exercise. A common list of stakeholders includes employees, 
local communities, shareholders, pressure groups, regulators, insurers, investors, media 
and customers^. Some have even suggested such groups as the natural environment, 
non-human species and future generations^.
The approach adopted in this study is to start the stakeholder identification process by 
defining a set of broad generic ‘stakeholder groups’. For example, this could be as 
simple and broad as internal and external stakeholders. The next step is to break down 
these broad groups into their common denominators which may include a number of 
intermediate steps. So for example for the University of Surrey, internal stakeholders 
could initially be defined as employees and students. Since these groups are still rather 
heterogeneous they could be broken down further until it is felt largely homogenous 
groups have been identified. Students for example could be represented through 
postgraduates and undergraduates. However, the process does not necessarily end here, 
since undergraduates could be further broken down into their respective departments 
and then further by their age, gender etc.
The second challenge is one of representation - how to represent a stakeholder group. 
Clearly the tighter the group the easier it is to represent. The ideal approach is to 
identify individuals from a ‘stakeholder group’ who through their position and level of 
responsibility can be considered to represent the views of the group. For example, this 
might be elected representatives (eg. local councillors, MPs, Trades Union 
representatives) or senior managers. The alternative is to engage a representative 
sample of a group which can become quite large, unmanageable, time-consuming and 
costly. Depending on the resolution of a group it may be necessary to identify more than 
one individual or representative. For example, to include the local community it may be 
sensible to consider the views of the local MP, local councillors, the Mayor and a 
representative or random sample of local residents, depending on the context of the 
decision to be made.
Whilst there are no rigid rules on the right or wrong stakeholder groups to include in a 
stakeholder analysis, it is important to recognise that the stakeholder identification stage
 ^ See for example, Sustainability/UNEP (1996)
^Traidcraft pics’s definition o f  a stakeholder is “those key groups o f  people who can influence the business 
or are directly affected by its activities, and also the natural environment”. This was also mentioned by a 
candidate during an interview for the study and is discussed by Wheeler and Sillanpaa (1998, p5).
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is in many ways crucial and fundamental. Therefore whilst it is probably desirable to 
limit the number of identified groups and representative individuals from a logistic and 
practical view point, this aim has to be reconciled with the very real danger of isolating 
and/or not accurately representing a potent and influential group. The breadth, types and 
number of stakeholders to include is therefore very much context driven.
3.2 V a l u e  Tr ee  D esig n
A value tree describes the hierarchical structure used to describe and structure the 
different performance elements which underline and drive a decision or strategy. Ideally 
the tree’s structure would be designed in close co-operation with the decision’s 
stakeholders; however this is not necessary if the decision team already has a clear and 
precise picture of the elements driving the decision, i.e. if the process is one of 
consultation rather than deliberation. The major benefit of the value tree is that it 
pictorially structures the decision context.
In practice a value tree's hierarchical levels follow directly from the definition of an 
overall aim for the project at the top to performance attributes (or criteria) that 
contribute to achieving the top level aim, to third level sub attributes (which jointly 
contribute to the attributes directly above) and so forth. The process starts at the more 
general (and sometimes uncertain) and moves towards the more specific and concrete. 
The aim is to reach a level of detail at the bottom of the tree so that different decision 
alternatives or strategies can be directly measured against the bottom level decision 
attributes. Figure 1 shows an example value tree which could be used for buying a car.
Figure ! Example Value Tree
Decision . 
Aim
Decision
Attribute
Decision
Alternatives
Choose a car 
/ \
Price Reliability Brand Top Speed
/ i \  / i \  / i \  / i \
A B C  A B C  A B C  A B C
3.3 D e fin it io n  AND C lu st e r in g  OF Va l u e  TRADE-OFFS
Value trade-offs or weights provide the mechanism by which it is possible to reflect the 
different priorities of stakeholders. The basic premise is that important attributes in the 
value tree receive high weights, while unimportant attributes receive low weights. It is 
therefore possible for different stakeholders to agree on a common value tree even 
though their preferences are different since these can be represented through their own 
weighting of the branches.
Whilst stakeholder-specific weights offer an elegant method to represent each 
stakeholder’s value tree, there are obvious difficulties with this approach. Firstly given a 
large number of performance attributes, it can be a complex and bewildering task to try
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to simultaneously assign actual numerical weights to all the performance attributes 
shown in the value tree.
Secondly, averaging of the weights defined for different stakeholders can seriously 
degrade the value of the analysis. For example, if one stakeholder group assigns a very 
high weight (95%) and another a very low weight (5%) to a performance attribute, the 
average of these two weights, 50%, is not necessary representative for either or both 
stakeholder groups.
The MADE model employs two separate methodologies to deal with these challenges.
3.3.1 Pairwise Comparison Model for Weights and Consistency Definition
The methodology used to support this task is based on the pairwise comparison 
technique developed by Saaty (1980). The MADE model has drawn on Saaty’s pairwise 
method because it offers an intuitive and appealing method for eliciting the weights 
stakeholders place on the branches (performance attributes) in a value tree.
The principle advantage of the pairwise comparison method over other weighting 
techniques is that it allows users to methodically and systematically determine their 
weights for a value tree’s perforinance attributes simply by comparing pairs of 
attributes one at a time.
For example, if the weights of four attributes. A, B, C, and D are sought rather than 
asking the decision-maker to distribute 100% across the four attributes, the decision­
maker is asked to compare the attributes one pair at a time. The type of questions asked 
of the decision-maker are therefore:
With respect to the goal o f  the decision how important is:
A versus B, A versus C, A versus D,
B versus C, B versus D, and 
C versus D.
The analysis of the pairwise preference data produces a distribution of criteria weights 
and also provides a measure of consistency (known as a consistency index). The method 
has also been found to be relatively simple to use, which is an essential ingredient if the 
weights of lay persons are sought.
It is fair to say that there are numerous opponents (e.g. Islei and Lockett, 1988) and
proponents (e.g. Harker, 1989) of Saaty’s (1980) pairwise technique as a method for
weight definition. It is sufficient to say here that the discussion centres on technical 
issues; for example, which mathematical procedure is best suited for extracting weights 
from a pairwise comparison matrix. Research by Golany (1993) which compares the 
Eigenvector approach proposed by Saaty and used by the MADE weighting model with 
five other methods concludes that the Eigenvector approach is not dominated by any 
other of the methods investigated. Consequently this research has used the Eigenvector 
method rather than other techniques for calculating weights from pairwise comparisons.
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3.3.2 Stakeholder Cluster Method
The underlying basis for the cluster model is that it is possible to find groups or 
‘clusters’ of stakeholders who share broadly similar priority weights. The idea therefore 
is to try and classify stakeholders by their revealed priorities but without compromising 
their individuality.
The research leading to the development of the MADE model has shown that it is 
possible to statistically analyse the weights information provided by a large number of 
stakeholders to a much smaller subset of representative weights. Thus whilst at the 
outset it may seem that disparate stakeholders hold wildly differing viewpoints, in fact 
these viewpoints can be summarised through the clustering technique to a much smaller 
subset of quantitative weight vectors.
4. P r o c e d u r e
The research aims to develop a stakeholder-driven integrated environmental strategy for 
the University of Surrey. Clearly to achieve this aim the strategy must underline and 
reflect the main concerns and priorities of the University’s stakeholders. There are two 
levels to this process: "
• Understanding the relative importance to stakeholders of the University’s 
environmental performance against other major aspects of the University’s activities, 
services and operations, such as financial performance, ethics, quality.
• Understanding the relative importance stakeholders place on the various ways in 
which the University may impact on the environment.
Thus this section describes the application of the methodology to enter dialogue with a 
selection of the University of Surrey’s stakeholders in order to incorporate their views 
in the development of its environmental policy.
4.1 VALUE T r ee  D esig n
Typically the stakeholder identification stage precedes the value tree design since it is 
normally desirable to integrate issues raised by stakeholders in the design of the value 
tree. However, for the University the decision was made to use a simple pilot study to 
develop the value tree for two main reasons :
• The desired outcome is to inform policy development, not to assist with an explicit 
decision;
• In light of the above, greater participation by key stakeholders is more likely through 
an individual structured interview than through a one-off workshop where all 
stakeholders would be asked to attend simultaneously.
This resulted in a value tree being specified through a two step process described below 
and illustrated in Figure 2 below.
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Figure 2 - Value Tree for University of Surrey
Top Level: The overall purpose of the university
To provide activities, 
services and operations
 -----------  X--------------------
First level: Main aspects of university that drive its activities, services and operations
Environmental
Performance
Ethical
Performance
Quality o f  
Services
H&S Comparative
Performance
Financial
Performance
Second level: Specific environmental impacts that drive overall environmental 
performance
Smog Potential Eutrophication Acid Rain Resource Depletion
Ozone Depletion Human Health Ecosystem Degradation Global Warming
4.1.1 Top Level Aim and Main Performance Factors
Members of the Centre for Environmental Strategy (a multi-disciplinary centre within 
the University’s School of Engineering in the Environment) were canvassed for their 
opinions on aspects of the University’s operations that were of concern to them A wide 
range of aspects were revealed many of which were similar and overlapping. It was 
therefore necessary to define a single set of encompassing performance categories 
which accommodated the issues identified from the pilot whilst ensuring the definitions 
were essentially discrete and limiting the overall number to a manageable set. The 
result of this process was to define both an overall aim driving the University and six 
categories of performance which taken together contribute to achieving this aim.
Overall Aim
The University of Surrey effectively aims to maximise the net benefits to its 
stakeholders from its activities, services and operations^ which were defined as follows:
Activities : Primarily teaching and research.
Services : Those which underpin the activities, for example - education and information 
provision, consultancy, policy guidance, catering, conferences, printing, sport, 
recreation, entertainment, retail, accommodation, library, leaseholds, careers guidance, 
staff training, employment, career development, hospitality.
^Activities, services and operations (as defined here) are not necessarily at the same ‘level’. However 
within the context o f  this research it is not necessary to distinguish their relative hierarchy position within 
our definition o f ‘Overall Aim’.
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Operations : How it carries out its activities and provides its services. For example: it 
manages resources (human, energy, materials and waste) and finances (sources and 
spends revenues); it cleans, constructs, maintains, heats and lights buildings; it 
maintains and develops land; it transports people and goods; it generates documents, 
waste, pollution, noise and odour; it consumes money, energy, land and food.
Performance categories
The performance categories which together help to achieve the top level goal are 
summarised below.
• Environmental performance - a measure of how well it manages its environmental 
impacts, or the environmental effects of its activities, operations and services.
• Financial performance - a measure of how well it manages its finances.
• Ethical performance - a measure of how well it manages the ethical implications of 
its activities, services and operations.
• Competitive performance - how it compares with other Further Higher Education 
Institutes on less tangible but value-laden aspects; e.g. geography, accessibility, 
reputation, familiarity.
• Health and Safety performance; e.g. health and safety record - number of reportable 
accidents or near misses, number of prosecutions for non-compliance.
• Quality of services provided (as measured by for example, employment record - 
number of dismissals, salaries paid, skilled/unskilled, student performance - 
pass/failure rate, administrative performance, standard of accommodation, graduate 
recruitment rate, research assessment exercises etc).
The detailed definition of these categories is shown in Appendix 1.
4.1.2 University Environmental Impacts
On the basis of the discussion on ‘impacts versus issues’ in section 2.1, and taking into 
account the educational objectives of a higher education institute, it was decided that 
the environmental performance sub measures should be categories of environmental 
impacts, to which the University’s contributions can (at a later date) be quantified. As a 
starting point the ‘Nordic Guidelines’ Life-Cycle Assessment impact categories were 
considered (Nordic Council, 1995). These guidelines suggest thirteen categories of 
environmental impact, all of which have (or will have) quantifiable units with which to 
measure contributions. The list is shown below in Table 1.
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Table 1 - Categories of Environmental Impact (Based upon the Nordic Guidelines)
Environmental Impact
1 Resources - energy and materials
2 Resources - water
3 Resources - land (including wetlands)
4 Human health - toxicological impacts
5 Human health - non-toxicological impacts
6 Human health impacts in work environment
7 Global warming
8 Depletion of stratospheric ozone
9 Acidification
10 Eutrophication
11 Photo-oxidant formation
12 Ecotoxicological impacts
13 Habitat alterations and impacts on biological diversity
In terms of defining stakeholder priorities thirteen categories is far too many. From an 
operational viewpoint the number of pairwise comparisons would be very large, 
cumbersome and difficult to analyse. Also, from a purely practical perspective, the 
number of impact categories may serve to confuse rather than enlighten, since some 
may appear very similar. Thus the categories were combined and reduced to eight as 
detailed in Table 2 below.
Table 2 - Impact Categories to Describe University of Surrey’s Environmental 
Performance
Categories of Environmental Impact
1 Resource Depletion
2 Human Health - Toxicological, non-toxicological, outside the working env.
3 Global Warming
4 Depletion of Stratospheric Ozone
5 Acidification
6 Eutrophication
7 Photo-oxidant formation
8 Ecotoxicological impacts, habitat alterations & reductions in biological diversity
The detailed definitions of these categories are set out in Appendix 2.
4.1.3 Impact and Performance Category Definitions
A pilot study was carried out to test the descriptions and definitions for the performance 
categories and impact categories defined in Figure 2. This highlighted a number of 
potential problems:
• Confusion over the distinction between impact and performance categories;
• Tendency to double-count the human-health effects fi'om the other categories by 
considering them as synonymous with the human-health category itself;
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• Some confusion in terms of ‘human health’ impacts outside of the workplace, as 
opposed to ‘human health’ impacts inside the workplace (workplace effects are 
reflected by health and safety performance and not environmental performance).
As a consequence of the pilot study, the need for clearer definitions of all the categories 
used became apparent. A set of category cards describing the categories in detail was 
therefore designed and replicated in an A5 booklet. The booklet was distributed with a 
briefing sheet to stakeholders prior to the interview to enable them to familiarise 
themselves with our definitions.
The booklet was arranged into two sections. The first part focuses on the performance 
categories and provides a definition and examples. The second part of the booklet 
focuses on the impact categories. Because these were both more complex and less 
familiar to most stakeholders each impact category was described in two ways; a 
detailed description and a bulleted summary. The contents of the booklet and the 
definitions are contained in Appendix 1 (performance categories) and Appendix 2 
(impact categories).
4.2 St a k e h o l d e r  GROUPS
Using the basic guidelines outlined in Section 3.1 it was possible to identify several 
categories of stakeholder for the University. The top-level classification is ‘internal’ and 
‘external’, i.e. those stakeholders that are part of the organisation and those that are not. 
Table 3 shows the identified stakeholder groups.
Table 3 - University of Surrey Stakeholder Groups
I n t e r n a l E x t e r n a l
Students Regulators
Undergraduates Environment Agency
Postgraduates Local and County Planners
Continuing Education Health and Safety Executive
Prospective Students Environmental Health
Employees MAFF
Lecturers Financial
Research Staff Research Park Companies
Professors Lending Bank
Middle Management University Insurance Brokers
Senior Management Industry Representatives
Administrative and Clerical Collaborative Partners
Technical Research Councils
Librarians Higher Education Funding Council (HEFCE)
Students Union Community
Volunteers Locally Represented NGO’s
Members o f  University Court Elected Representatives 
Schools & Local Residents Group 
Local Forums and Business Groups 
Local Press
Table 3 shows that the identification procedure resulted in thirty-one recognised groups, 
considered sufficiently homogeneous for this study. The next step was to identify 
representative individuals from within each group and approach them with a view to 
taking part in the study.
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Identification was facilitated by an internal database containing contact details for 
parties with whom the Centre for Environmental Strategy and other operational 
departments have had previous contact. The approach was carried out over two steps. 
Firstly the identified stakeholders were sent a brief letter/invitation to participate, 
explaining the objectives of the study and what it would involve on their part (Appendix 
3 contains a copy of this letter). This was then followed up with a personal phone call to 
enquire whether or not they were prepared to participate and, in the positive case, to 
organise a time and date for the interview.
This approach was found to be very successful and the majority of the stakeholders 
contacted agreed to take part (only four actually declined the invitation). In some cases 
individual stakeholders even recommended other individuals from within their 
organisation to also participate in an interview. Using this approach fifty-six individuals 
spanning most of the stakeholder groups outlined in Table 3 were approached and 
resulted in forty-two data sets. The number of people taking part in each interview 
varied between one and five. Table 4 provides a breakdown of the stakeholder 
interviews and the number of people involved.
Table 4 - Stakeholder Breakdown
Stakeholder Group Number of Sub-groups 
or ‘Organisations’
No. Separate 
Interviews
Total No People 
Interviewed
Students 2 7 8
Regulators 5 5 7
Local Community 6 7 14
Finance 6 6 10
Staff 3 17 17
Total Total Internal 31
Total External 25
Grand Total 42 56
4.3 St a k e h o l d e r  In t e r v ie w s
The medium for measuring stakeholder priorities was through structured interviews. 
Interviews were in most cases carried out at the stakeholder’s premises. The actual 
process was split into three components, as detailed below.
4.3.1 Interview Preparation
Following agreement to participate, stakeholders were sent an interview pack 
approximately one week before the scheduled interview. This contained a briefing sheet 
indicating the time required (1 hour), and the booklet describing the performance and 
impact categories. Stakeholders were advised to familiarise themselves with the 
definitions in the booklet to speed up the interview, although this was not a pre­
requisite.
4.3.2  The Interview
In most cases interviews were carried out by both authors, although occasionally only 
one was present. The interview itself was split into four parts:
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1. An introduction explaining our roles and the aims of the study;
2. Priority measurement of the performance categories;
3. Priority measurement of the impact categories;
4. Graphical feedback of data.
Parts 2 and 3 took up the bulk of the interview and in each case involved the following 
stages:
1. Familiarisation and agreement on the relevant definitions;
2. Description of the pairwise method and the input forms;
3. Pairwise decisions by candidate;
4. Input of pairwise decisions into a spreadsheet;
5. Priority and consistency calculation (a laptop was used in the interviews to run an 
Excel application);
6. Discussion on consistency and re-evaluation of input if necessary;
7. Feedback of priority weights;
8. Discussion.
To help candidates with the pairwise decisions (step 3) each was supplied with a set of 
laminated cards describing the categories as shown in the booklet. These cards were 
single sided for the performance categories and double sided for the impact categories - 
one side showed the technical description and the reverse the summary bulleted list. 
Candidates were first asked to rank the cards in order of importance (for the impact 
categories they were left to choose which side of the double sided card to use). Once 
candidates had decided on an overall ranking, they were asked to make their pairwise 
preference decisions and advised to refer to the card rankings to help them keep track of 
their overall preferences, although they could alter this if they wished to at any time. 
The data was entered into a spreadsheet and a graphical output of their results 
displayed. Candidates were asked to confirm the output reflected their preferences and 
given the opportunity to refine their relative preferences if so desired.
4.3.3 Post Interview
All candidates were asked at the end of the interview if they wished to receive feedback 
on the outcome of the study. All replied positively and will be sent a summarised 
version of the results together with an individual printout detailing their personal 
weights.
5. D ata A nalysis
The data was analysed with the use of two software packages, Microsoft Excel, and 
SPSS 8.0 {Statistical Package for Social Sciences). Excel was used to manipulate the 
data and for some statistical calculations. SPSS was used to investigate correlation 
between data sets.
Two main types of data analysis was performed, using the actual weights expressed by 
the candidates, and using the ranked positions obtained via the weighted values. 
Analysis of the ranked positions of the categories (i.e. how many times each category
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was ranked in each position by each stakeholder) can reveal a difference between the 
ranked order according to ranked positions, and the ranked order according to average 
weights for any data set or subset. This highlights the difference in relative weights 
applied by candidates to the categories and may reflect the strength of their preferences, 
or differences in personal scale.
The data was analysed in three main parts. The first part consisted of an analysis of the 
top level issues or categories of performance and considered the overall averages of the 
weights, the overall ranked position of the categories and then investigated the same 
features for the stakeholder groups identified at the outset of the study.
The second part repeated the above analysis for the bottom level issues; i.e. the 
categories of environmental impact.
Finally, SPSS statistical fimctions were used to identify any correlation between the 
data sets and the top and bottom level issues were analysed for any ‘clusters’ of 
stakeholders, ie. groups of stakeholders that could be said to agree about the relative 
importance of the categories (explained in detail below).
Note : The stakeholders were originally identified by six groups, one o f which was not 
represented in the study (laymembers o f  the University Court). The five groups 
which were represented are Students, Employees (both internal). Regulators, 
Financial and Community (external). When categorising individuals in this 
manner, it is important to note that any stakeholder may be a member o f  more 
than one group, eg some students are also employees (part-time PhD, part time 
researcher), employees also live in the local community, organisations are 
increasingly being encouraged to participate in their local community. 
Therefore the groups to which the candidates have been allocated is based upon 
the role in which they were identified eg as having financial influence, being a 
student, etc.
Nomenclature
Average = Arithmetic mean for a data set
Standard Deviation = Measure of the spread of data within a data set
95% Confidence Limits = Expresses a range in which 95% of the data can
be grouped and so caters for extreme values 
Pearson Correlation Co-efficient = Measure of correlation between data sets (+1 =
positively correlated, -1 = inverse correlation, 0 
= no correlation)
Spearman’s Rho Co-efficient = Measure of correlation between ranked data (+1
= positively correlated,-1 = inverse correlation, 
0 = no correlation)
Two-tailed significance test = Measure of significance of correlation.
A relatively high standard deviation implies significant dispersion of the data and
therefore expresses a large difference in relative preferences. Similarly a relatively low 
standard deviation implies less dispersion and therefore greater similarity between 
candidates preferences.
18
Part IV G. Earl and A.Davey
CES - Test Case 4/5______________      . Engineering Doctorate
A two tailed significance value of less than 0.01 implies 99% correlation ie. data sets 
correlate according to the correlation co-efficient 99% of the time. A two tailed 
significance value of less 0.05 but greater than 0.01 implies 95% correlation, ie. data 
sets correlate according to the correlation co-efficient 95% of the time.
5.1 C l u st e r  An a l y sis
Grouping stakeholders is necessary to identify those key to the decision, and to simplify 
the data management and manipulation. However, grouping stakeholders has two 
potential problems. Firstly, individuals may belong to more than one stakeholder group, 
the most obvious example of which is employees who are also members of the local 
community. Secondly, grouping people according to a perceived role or relationship to 
the decision to be made (e.g. financial) does «or necessarily mean that candidates 
within that group will all share the same priorities (one of the many reasons why 
stakeholder studies are so important is because they incorporate a diversity of views and 
values that are often underestimated). Therefore, there is scope to improve the yield 
from a pre-conceived classification of stakeholders into sub-groups, by identifying and 
grouping those with similar espoused priorities or preferences. This is known as 
‘clustering’ or a ‘cluster analysis’.
The concept of clustering is fairly well known especially for investigations which aim 
to identify similarities between and within groups. For example, Bence et al (1995) 
investigated twenty-one investment analysts and twelve institutional investors from 
different organisations to establish the sources and relative importance of information 
they used in making investment decisions. Individuals’ ranked information was then 
subjected to a cluster analysis to determine the degree of similarity in the use of 
information sources between and within these two broad ^oups.
In this study, clusters are defined by cross comparing the weighting vectors of all 
stakeholders and identifying vector sets which share predominantly similar 
characteristics. The aim is to identify clusters of stakeholders for whom the average of 
their weights is representative for all members of the cluster. It is recognised that the 
ideal would be to identify clusters which share not only similar weights but also the 
same rank ordering of issues. However, since the aim of the clustering is to find clusters 
of stakeholders for which the level of agreement within the cluster is significantly 
greater than between different cluster groups the predominant factor driving the 
clustering is to minimise the standard deviation between weights and not to strictly 
preserve the same rank ordering. The purpose of the clustering is therefore not to 
enforce different weights on individuals but to suggest a smaller number of groups to 
which individuals could possibly belong. This could then be used as the basis for 
continued debate and negotiation - clearly it is simpler and more conducive to deal with 
say five clusters than fifty individuals.
In comparison to the analysis of stakeholder groups, the cluster analysis does not 
categorise any of the stakeholders into pre-defined groups. Thus all the data is pooled 
together and using statistical analysis, ‘clusters’ of stakeholders are identified with 
reasonably similar priority data. In essence, therefore, the analysis of the stakeholder 
clusters attempts to answer the following questions:
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1. Is it possible to identify groups of individuals as a stakeholder group?
2. Is it possible to identify clusters containing different stakeholder groups?
3. Is it possible to characterise a clustered group?
Since the cluster analysis starts by not assuming any preconceived stakeholder group 
affiliations, the stakeholder group names are replaced through a number of more 
specific but still anonymous descriptors.
Data clustering is carried out at both levels of the study separately and therefore 
performance and impact data are analysed separately. The descriptive identifiers 
defined for the separate data sets are summarised in Table 5.
Table 5 - Cluster Analysis Identifiers
Identifier Description
Academic Staff (4) Those employed as academic staff with teaching and research responsibilities, 
including a range o f  seniority, e.g. lecturers, head o f  school/ department.
Operational Staff (4) Those employed in non-academic departments managing day to day 
operations o f  the University
Senior Management (4) Those employed in senior management positions in both academic and non- 
academic departments (not academics).
Secretariat (5) The most senior employees with central administrative and financial 
responsibilities.
L. Interest (3) Local interest/community groups
R. Interest (x) Regional interest groups
Local Pressure (x) Local pressure groups
National Pressure (x) National pressure groups, sited locally or with local branches
Loc. Planning (1) Planners with responsibility for local planning
Reg. Planning (x) Planners with responsibility for regional planning
L.Regulation (x) Regulators responsible for local regulation enforcement and policy
Nat. Regulation (2) Regulators responsible for national regulation enforcement and policy
U .G rad(4) Undergraduate students
P.Grad (3) Postgraduate students
Company (2) Company on the Surrey Research Park
Funding (4) Source o f  funding
To help maintain consistency throughout the cluster analysis a ‘rule set’ is defined to 
facilitate the analysis - that is to say a cluster is only valid if it conforms to a 
predetermined set of criteria. The rule set used for this analysis is shown in Table 6.
Table 6 - Cluster Analysis Rule Set
Descriptor R ule Set
Number o f  data sets 
Standard Deviation
Number o f  individuals must be greater than or equal to four to form a cluster 
Standard deviation must be minimised with the average o f  standard deviation 
not exceeding 5% within a cluster. Strict rank preservation between members 
is not enforced (see earlier comments)
As an example. Figure 3 summarises the weights for the ‘local community’ stakeholder 
group. This shows widely different stakeholder priorities, and the average of these 
would not be representative for this group. In contrast Figure 4 illustrates the weights 
for a set of stakeholders who have been defined as belonging to a ‘cluster’. In this case 
the average is representative.
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Figure 3 - Local Community Weights
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6. R esu l t s
The results are presented in three main sections :
• Performance categories (top-level issues);
• Impact categories (bottom-level issues);
• Correlation of data sets and cluster analysis.
Fifty-seven stakeholders representing approximately twenty-seven organisations were 
invited to participate in the study through a postal invitation. Only four of those 
declined the offer to participate (including one internal member who did not believe he 
was a ‘stakeholder’ of the University, or that he “could contribute to the development of 
the University’s environmental policy”). Eleven of those invited to participate were not 
successfully contacted to secure their participation. This means forty-two stakeholders 
were involved, although since this includes the formation of several grouped interviews, 
the number of individuals involved was actually fifty-six.
Six broad stakeholder groups were identified for the University. Only one of these 
groups were not represented in the study (laymembers of the University Court). In 
addition, the student group was composed of a selection of students and did not include 
any elected representatives. Therefore since the group did not consist of either a 
representative sample or an elected representative, only tentative conclusions should be 
drawn from the contributions of the student group.
There were seven representatives for the student group, seventeen key representatives 
for the employees group, seven key representatives for the community group, six for the 
financial group and five for the regulators group, totalling forty-two candidates. Again, 
only the student group did not involve members (eg. student’s union 
representatives).
6.1 Ca te g o r ies  OF P er fo r m a n c e
As explained in Section 4.1, there were six categories of performance for which 
candidates were asked to express their relative preferences. The definitions of the 
categories as presented to the stakeholders before and during the study are shown in 
Appendix 2. Frequency histograms for each category (ie. how many times a category 
was allocated a certain weight) are shown in Figure 5^ . This shows the distribution of 
weights for each category and demonstrates :
• those categories which received the highest weights most fi’equently (eg. quality of 
services);
• those categories which received the lowest weights most frequently (eg comparative 
performance);
• the spread of weights for each category.
See the end o f  this section
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Nomenclature
For a ranked order of most important to least important, six categories implies six 
possible positions translated as follows :
1st = most important
2nd = 2nd most important
3rd = 3rd most important
4th = 3rd least important
5th = 2nd least important
6th = least important
1st to 3rd = more important
4th to 6th = less important
Note : There is no suggestion that categories are not important, just that they are less 
important in comparison to others.
6.1.1 Overall Data
This section considers all stakeholders as one group or data set and therefore consists of 
the data for all those who participated in the study (ie. forty-two data points).
6.1,L I  Averages o f Weightings
Table 7 below shows the summary data and the ranked positions for the six categories 
according to the average weights of the forty-two candidates:
Table 7 - Performance Categories Overall Average Weights
C ategory Av s t D e v a m t
1. H&S performance 24% 15%
2. Quality o f  services 23% 14%
3. Environmental performance 18% 14%
4. Financial performance 14% 11%
5. Ethical performance 11% 12%
6. Comparative performance 9% 8%
Figure 6 shows in greater detail the overal data and includes the highest and lowest
weights received. The relatively high standard deviations indicate widely dispersed data 
and therefore suggests significant differences between stakeholders’ preferences. 
Although the average weights may rank the categories in this order, this order may not 
necessarily reflect the views of all stakeholders. Figure 7 shows the 95% confidence 
limits for the performance categories and provides further information about the 
categories by accommodating for extreme values.
Data Highlights
• Health and Safety performance has the highest average weighting, received the 
highest weight given to any category by any of the candidates but also had the 
highest standard deviation.
• Quality of services has the second highest average weighting, the second highest 
weight, and the joint second largest standard deviation.
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• 95% of the candidates weighted health and safety performance and quality of 
services more important than financial performance, ethical performance and 
comparative performance.
• Environmental performance received the third highest average but the 4th highest 
weight. Its standard deviation was also the second largest.
• Financial performance had the 4th highest average, the fifth highest weight and the 
second smallest standard deviation.
• Ethical performance had the fifth highest average, the third highest weight and the 
third lowest standard deviation.
• Comparative performance had the lowest average, the sixth highest weight, and the 
lowest standard deviation.
Reference to Figure 7 shows that although health and safety performance and quality of 
services are considered the most important categories by the majority of candidates, this 
was not expressed by all stakeholders. What is incontrovertible is that comparative 
performance does not rank highly alongside the other categories.
In summary this weighting data reports that on average, the categories were considered 
to be the most important to the least important as follows :
1. Health and Safety Performance
2. Quality of Services
3. Environmental Performance
4. Financial Performance
5. Ethical Performance
6. Comparative Performance
6.L1.2 Frequency Rankings
If we calculate the number of times each category is placed in the top three (more 
important) and bottom three (less important) and rank them accordingly, the categories 
are placed in the same order as for the average weightings (see Table 8 below).
Table 8 - Performance Categories Overall Average Ranked Positions
Category lst»2nd or 3rd 4tb*5th or 6th
1. H&S performance 79% 21%
2. Quality o f  Services 71% 29%
3. Environmental performance 50% 50%
4. Financial performance 48% 52%
5. Ethical performance 29% 71%
6. Comparative performance 24% 76%
This confirms that the average weightings concur with the average of the actual ranked 
positions of the categories (noting that a candidate may rank a category in first place 
with a lower weight than another candidate who ranks the same categoiy in second 
place - depending on personal scales and relative preferences).
24
Part rV G. Earl and A.Davey
CES - Test Case 4/5________________  ■ ■______ .   Engineering Doctorate
Although this data shows an overall picture, more can be learned about the candidates’ 
responses if we analyse the rank orders in more depth. Figure 8 focuses upon each 
category and shows the distribution of ranking positions ;
• Environmental performance - fairly well distributed across the six positions. The 
most popular rankings were 2nd and 4th at 21% each. It was ranked 5th by 19% of 
the candidates and 1st by 16%. The least popular rankings were 3rd by 12% and 6th 
by 10%. The category was ranked by a significant proportion of candidates (at least 
10%) in each position.
• Financial performance - its most popular ranking was 3rd - 24% of the candidates. 
It was ranked 5th by 19% and 4th or 6th by 17% each. Its least popular rankings were 
2nd (14%) and 1st (10%). As for environmental performance, a significant number 
of candidates (at least 10%) ranked financial performance in each position. It was 
only ranked most important category by a minority of the candidates.
• Ethical performance - most popular position was 5th, by 31% of the candidates. 
21% ranked it 6th and 19% ranked it 4th, therefore 71% ranked it 4th, 5th or 6th ie a 
less important category). Conversely, 12% considered ethical performance the most 
important, 10% ranked it 3rd most/least important and 7% ranked it 2nd most 
important. This demonstrates a degree of disagreement on how important ethical 
performance is in comparison to the other categories, although the majority clearly 
felt it to be a less important category.
• Comparative performance was ranked least important by a significant 48% of the 
candidates. It was ranked 5th by 17%, 4th by 12%, 2nd by 12%, 3rd by 10% and 1st 
by 2%. Thus it is clear that a significant majority of the candidates did not feel that 
comparative performance was as important as the other categories. There is also 
almost universal agreement that comparative performance is not the most important 
category.
• Health and safety performance was ranked the most important category by 31% of 
the candidates, 3rd by 26%, 2nd by 21%, 4th by 17%, 5th by 5% and was not ranked 
least important by any candidate. Thus although most candidates felt it was the most 
important category, others felt it was not as important as some of the others. 
Significantly, 79% of the candidates ranked it as ‘more important’ (as also shown in 
Table 8) and nobody felt it was the least important category.
• Quality of services was ranked the most important category by 33% of the 
candidates, 21% ranked it 4th, 19% ranked it 2nd and 3rd, 5% ranked it 5th and 2% 
ranked it 6th or least important. Therefore quality of services was ranked as one of 
the more important categories by 71% of the candidates (as also shown in Table 8).
6.1.2 Stakeholder Groups
The responses of the candidates are now analysed according to the groups through 
which they were identified to participate in the study. The comparison of the groups and 
data highlights are discussed here.
Figure 9 shows that the 95% confidence limits are the most narrow for the employees. 
This is a characteristic of larger groups (smaller standard deviations) and is not 
necessarily a characteristic of the group per se (employees were the largest sub-group). 
By examining the 95% confidence limits we can make the following observations:
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• Candidates allocated to the same group did not generally share similar priorities with 
other members in the group, as demonstrated by the relatively large confidence 
limits for most of the categories in each group;
• In the financial group, 95% of candidates weighted quality of services as more 
important than ethical performance and health and safety performance;
• In the employees group, 95% of candidates weighted quality of service and health 
and safety performance as more important than ethical and comparative 
performance;
• In the regulators group, 95% of candidates weighted health and safety performance 
as more important than quality of services, ethical performance, financial 
performance and comparative performance;
• For the students group, 95% of candidates weighted quality of services as more 
important than financial and environmental performance;
• For the community group, 95% of candidates weighted environmental performance 
as more important than quality of services, comparative and financial performance;
• Financial performance was not (on average weightings) ranked the most important 
category by the financial group and was ranked the least important (on average) by 
the regulators.
6.1.2.1 Comparisons between Groups
A comparison of the average ranked positions of each category for the stakeholder
groups is shown in summary in Table 9.
Table 9 - Comparison of Ranked Positions for Performance Categories Based Upon 
Average Weights for each Stakeholder Group
Category Com m unity Financial R egulators Em ployees Students
Environmental performance 1 4 2 4 6
Financial performance 5 3 6 3 5
Ethical performance 3 6 4 5 4
Comparative performance 6 2 5 6 3
H&S performance 2 5 1 1 2
Quality o f  services 4 1 3 2 1
Data Highlights (bearing in mind the differences within the groups)
• Only the employees and the regulators agree on a ‘most important’ category - Health 
and Safety performance;
• The other three groups all weighted different categories as the most important;
• Only the financial group did not weigh health and safety performance as either 1st or 
2nd most important;
• Only the employees and the community group agreed on the ‘least important’ 
category - comparative performance;
• Only the community and regulators groups weighted environmental performance to 
be a ‘more important’ category;
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Se c tio n  Fig u r es
Figure 5 - Frequency Histograms for Performance Categories
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Figure 6 - Performance Categories: Overall Data
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Figure 7 - Performance Categories: 95% Confidence Limits
40
95% C
30
20
10
[]
N= 42 42 42 42 42 42
Env Perf Fin Perf Eth Perf Comp Perf H&S Perf Quality
28
Part IV
CES - Test Case 4/5
G. Eari and A.Davey
Engineering Doctorate
Figure 8 - Performance Categories Frequency of Ranked Positions
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6.2 Ca t e g o r ie s  o f  E n v ir o n m e n t a l  Im pa c t s  (t h e  b o tto m  l e v e l  issu e s)
There were eight categories of environmental impacts for which candidates were asked 
to express their relative preferences. The definitions of the categories as presented to 
the stakeholders before and during the study are shown in Appendix 3. Frequency 
histograms for each category (ie. how many times a category was allocated a certain 
weight) are shown in Figure 10. This shows the distribution of weights for each 
category and demonstrates :
• those categories which received the highest weights most frequently (eg. human 
health); -
• those categories which received the lowest weights most frequently (eg. acid rain);
• the spread of weights for each category.
The results have been analysed in two sections
1. Overall Averages - examines the data for all the candidates as one group.
2. Stakeholder Groups - separates the candidates into the stakeholder groups in which 
they were first identified (see Section 4.2 for group definitions) and makes inter- and 
intra-group comparisons.
6.2.1 Overall Averages
The average weights of all the candidates for the eight categories placed them in the 
following order :
Table 10 - Impact Categories: Average Weights of Overall Group
Category A verages St Dev
1. Human health 21% 14%
2. Resource depletion 15% 11%
3. Ecosystem degradation 14% 9%
4. Smog formation 13% 11%
5. Global warming 11% 9%
6. Ozone depletion 10% 7%
7. Eutrophication 8% 6%
8. Acid rain 7% 8%
The standard deviations shown in Table 10 are relatively high and demonstrate that 
looking across all stakeholders there are considerable differences in opinion on 
weightings for the different impacts. Hence using the average weights across all the 
stakeholders as indicators may not adequately represent the concerns of all the 
candidates.
Figure 11 shows the overall data in detail (including some statistical data) and 
demonstrates the wide range in the candidates’ responses, with for example, the greatest 
weight for human health being 48% and the lowest being 1%. The second chart in
See Section 6.1 for definition o f  nomenclature.
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Figure 11 shows a plot of all the candidates weights for each category and demonstrates 
that for certain categories (eg acid rain and eutrophication), a single candidate has 
placed an extreme weight in comparison to the others.
The frequency analysis in Figure 12, shows how many times each category was ranked 
in each position of 1st, 2nd and so on and therefore reveals the extent of differences in 
preferences :
• Resource depletion was ranked 1st by seven candidates, 8th by eight candidates and 
its most popular position was 2nd, ranked by nine candidates;
• The greatest agreement was that human health is the most important category (16 
candidates) yet 4 candidates believed it was the least important category;
• Global warming was ranked in positions 2nd, 4th, 6th, 7th and 8th by an equal 
number of candidates (5), was ranked 1st by 6 candidates, and 5th by 7 candidates;
• Ozone depletion, acid rain and eutrophication were jointly the least popular 1st 
placed category with only one candidate each, yet ozone depletion was only ranked 
8th by two candidates;
• Eutrophication was the most popular Teast important category’ agreed by nine 
candidates;
• Only one category, acid rain, was not ranked at least once in every position.
This ranking analysis also highlights any discrepancies between the weights allocated 
by candidates and the position in which they were intentionally ranked. If we calculate 
the number of times each category is placed in the top four (more important) and 
bottom four (less important) the categories are placed as follows:
Table 11 - Impact Categories: Ranked Positions for Overall Group
Category % Freql/2/3/4 % Freq5/6/7/8
1. Human health 73% 27%
2. Resource depletion 65% 35%
3. Ecosystem degradation 63% 37%
4. Smog formation 50% 50%
5. Ozone depletion 48% 52%
6. Global warming 45% 55%
7. Eutrophication 38% 62%
8. Acid rain 25% 75%
The only difference between this table of ranked positions and Table 10 is that ozone 
depletion was ranked in the top four more frequently than global warming, yet global 
warming had a higher average weight than ozone depletion. This shows that although 
more people ranked ozone depletion as more important than global warming they did 
not weight it as heavily as the global warming advocates. A heavier weight implies 
stronger concern.
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Data Highlights
Little agreement about relative importance of global warming;
Human health was on average weight and rank the most important category;
Large disagreement about how much more important human health is than other 
categories;
Acid rain on average considered the least important category;
On average, human health, resource depletion, ecosystem degradation and smog 
formation considered the more important categories;
On average, global warming, ozone depletion, eutrophication and acid rain 
considered the less important categories;
The majority of the impacts considered less important are essentially ‘global’;
The maj ority of impacts considered more important are essentially ‘ local ’.
6.2.2 Stakeholder Groups
The data highlights and comparison between groups discussed below. Figure 13 shows 
the 95% confidence limits for each impact category and stakeholder group and reveals 
that there are significant differences in the candidates relative priorities within each 
group (reflected in the width of the confidence limits). This may be due to the size of 
the groups and the number of categories compared. However, several key observations 
can be made :
• Only in the student group, can we say with 95% confidence that any category is more 
or less important than another;
• For the student group, we can say with 95% confidence that resource depletion and 
human health are considered more important than acid rain and global warming.
6.2.2.1 Comparison between Groups
A comparison of the average weightings for each stakeholder group and category of 
performance is shown in summary in Table 12 and in more detail in Figure 14.
Table 12 - Impact Categories: Average Ranks for Stakeholder Groups
Category Com m unity Financial Regulators Students Em ployees
Resource depletion 3 5 2 2 2
Human health 2 1 1 1 1
Global warming 5 4 4 7 3
Ozone depletion 7 7 6 4 5
Acid rain 8 8 8 7 6
Eutrophication 6 6 6 6 8
Smog formation 1 3 5 3 6
Ecosystem degradation 3 2 2 5 3
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Data Highlights
•  Only in the community group did the average data not rank human health as the most 
important category;
• The average data for community, financial and regulators ranked acid rain as the 
least important category;
• The average data for students, employees and regulators ranked human health as the 
most important and resource depletion as the second most important category;
• Only the employees average data did not rank eutrophication in sixth position;
• The average data for each group always ranked human health in the top two;
• The average data for each group always ranked acid rain and eutrophication as ‘less 
important’, ie 5th, 6 th , 7th or 8th.
•  Human health was ranked as ‘more important’ by each of the groups’ average 
weightings;
• Acid rain and eutrophication were ranked less important by each of the groups’ 
average weighting.
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Figure 10 - Frequency Histograms for Impact Categories
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Figure 11 - Impact Categories: Average and 95% Confidence Limits
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Figure 12 - Impact Categories Frequency of Ranked Positions for Overall Data
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Figure 14 - Impact Categories Average of Stakeholder Groups’ Average Weights
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6.3 C o r r e l a t io n
The data sets were examined for correlation in essentially two ways: between 
candidates and between categories. For the categories SPSS functions were used - the 
Pearson Correlation, Spearman’s rho, and two-tailed significance tests. The Pearson 
Correlation identifies any correlation between actual weights whereas Spearman’s rho 
identifies any correlation between rank orders. The significance test reveals how 
significant the correlations are with regards to probability measures and suggests 
whether or not the relationship between two variables can be used to predict outcomes. 
The intention here is to identify whether or not relationships exist within the current 
data set, not to use the findings to predict oqtcomes for a wider population.
For the candidates, a cluster analysis was performed by using SPSS and Microsoft Excel 
to identify correlation between candidates responses. In addition, an examination of the 
differences between those who ranked environmental performance ‘more important’ 
and ‘less important’ has also been conducted.
6.3.1 Category Correlation Analysis
This compares the complete data array for each category to identify any relationship 
between the weights and ranked positions of categories. A total of eighteen significant 
correlations of ranked positions were identified (using Spearman’s rho), six of which 
were significant to 99% and eleven to 95% (ie. 95% of data correlates). The six most 
significant are discussed below.
1. Quality of services and environmental performance correlate 100% with a 
correlation co-efficient of -0.650. This implies an inverse relationship between the 
ranked positions of the two categories, eg. if environmental performance is ranked 
‘more important’, quality of services is likely to be ranked ‘less important’, and vice 
versa.
2. Environmental performance and human health correlate 99.6% with a correlation co­
efficient of -0.443. This implies an inverse relationship, as above.
3. Comparative performance and smog formation correlate 99.9% with a correlation 
co-efficient of 0.516. This implies a positive relationship, ie when comparative 
performance is ranked more important, so will smog formation, and vice versa.
4. Resource depletion and eutrophication correlate 99.4% with a correlation co­
efficient of -0.424, implying an inverse relationship.
5. Human health and ozone depletion correlate 99.3% with a correlation co-efficient of 
-0.412, implying an inverse relationship.
6. Ozone depletion and acid rain correlate 99.1% with a correlation co-efficient of
0.403, implying a positive relationship.
Fifteen significant correlations between the weightings of categories were identified 
through the Pearson correlation co-efficient, eight of which were significant to 99% and 
seven of which to 95%. The most significant correlations that did not appear in the 
Spearman’s rho correlations are presented below.
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1. Ethical performance and quality of services correlate 99.4% with a co-efficient of - 
0.415. This implies an inverse relationship so that if ethical performance is weighted 
low, quality of services is likely to be weighted high, and vice versa.
2. Financial performance and acid rain correlate 99.8% with a co-efficient of 0.464, 
implying positive correlation of the weightings.
3. Resource depletion and smog formation correlate 99.2% with a co-efficient of -
0.411, implying an inverse relationship between their weightings.
4. Human health and ecosystem degradation correlate to 99.3% with a co-efficient of -
0.417, again implying an inverse relationship between their weightings.
The implications of these corellations are discussed later in the text.
6.3.2 Environmental Advocates vs Ostriches
In the performance category analysis (see Section 6.1), environmental performance was 
ranked on average 3rd/4th most important. This section separately analyses the 
responses of those, labelled ‘advocates’ who ranked environmental performance in the 
top three ‘more important’ (twenty-one) and those, here called ‘ostriches’, who ranked 
environmental performance in the bottom three ‘less important’ (twenty-one) positions 
Table 13 below identifies the constituents of each group.
Table 13 - Constituents o f ‘Advocates’ & ‘Ostriches’
Group Advocates Ostriches Total
Financial 3 (50%) 3 (50%) 6
Regulators 4 (80%) 1 (20%) 5
Employees 7(41%) 10 (59%) 17
Students 1 (17%) 6(83%) 7
Community 7 (100%) 0 (100%) 7
Totals 21 (50%) 21 (50%) 42
The correlation analysis already conducted has identified that little correlation exists 
between the rank order of environmental performance and any other category (see 
section 6.3.1 above). Nevertheless, it is still of interest, within the context of 
influencing an environmental policy, to see the differences between these groups.
6.3,2.1 Performance Categories Average Weights
Figure 15 shows the advocates’ and ostriches’ average weights and 95% confidence 
limits (ie. where 95% of the data points lie), for both performance and impact 
categories. Table 14 below summarises the rank order of the performance categories for 
the advocates and Table 15 summarises the rank order of the performance categories for 
the ostriches.
Table 14 - Performance Categories: Average Weights for Advocates
Advocates Average Std. Dm
1. Environmental performance 29% 13%
2. H&S performance 23% 17%
3. Quality of services 15% 11%
4. Ethical performance 14% 14%
5. Financial performance 12% 12%
6. Comparative performance 8% 9%
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Table 15 - Performance Categories: Average Weights for Ostriches
Ostriches Average Std. Dei
1. Quality of services 33% 12%
2. H&S performance 25% 13%
3. Financial performance 17% 10%
4. Comparative performance 9% 8%
4. Ethical performance 9% 9%
6. Environmental performance 7% 3%
Data Highlights
• Advocates on average weighted environmental performance the most important 
category and within 95% confidence limits, it was considered more important than 
quality of services, financial, ethical and comparative performance;
• Ostriches on average weighted quality of services the most important category and 
within 95% confidence limits, it was considered more important than financial, 
environmental, ethical and comparative performance;
• Within 95% confidence limits, the advocates weighted health and safety 
performance as more important than comparative performance;
• Within 95% confidence limits, the ostriches weighted health and safety performance 
as more important than environmental, ethical and comparative performance;
• Although the ostriches have been classified according to the average ranked position 
of environmental performance being Tess important’, it is worth noting that the 
group ranked environmental performance on average as least important, with a 
relatively small standard deviation. This is reinforced by the fact that within 95% 
confidence limits, the ostriches considered environmental performance less 
important than quality of services, health and safety performance and financial 
performance.
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Figure 15- Performance and Impact Categories : Environmental Advocates and 
Ostriches 95% Confidence Limits
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6.3.2,2 Impact Categories Average Weights
Table 16 summarises the advocates’ average weights for the impact categories and 
Table 17 summarises the ostriches’ average weights for the impact categories.
Table 16 - Impact Categories: Average Weights for Advocates
Advocates Average Std. Dev
1. Human health 17% 15%
1. Resource depletion 17% 11%
3. Ecosystem degradation 16% 10%
4. Smog formation 13% 11%
5. Global warming 12% 9%
6. Ozone depletion 10% 8%
7. Eutrophication 8% 5%
8. Acid rain 8% 7%
Table 17 - Impact Categories: Average Weights for Ostriches
Ostriches Average Std Dev
1. Human health 25% 12%
2. Resource depletion 14% 11%
3. Smog formation 14% 11%
4. Ecosystem degradation 11% 9%
5. Global warming 11% 10%
6. Ozone depletion 9% 5%
7. Eutrophication 9% 8%
8. Acid rain 7% 4%
The main difference between the groups is that on average, human health is not 
weighted as high by the environmental advocates, while on average the advocates 
weighted resource depletion and ecosystem degradation significantly higher than the 
ostriches. This suggests dunore eco-centric viewpoint from the advocates and a more 
anthropocentric (or human-centred) viewpoint from the ostriches.
Data Highlights
• For the advocates, resource depletion, human health and ecosystem degradation 
were, within 95% confidence limits, more important than acid rain and 
eutrophication;
• For the ostriches, human health was weighted more important than all the other 
categories within 95% confidence limits;
• For the ostriches, within 95% confidence limits, smog formation was weighted more 
important than acid rain;
• No other conclusions can be drawn with 95% certainty from either groups’ 
weightings of the impact categories.
63.2,3 Frequency Analysis o f Impact Categories
A frequency analysis (calculating the number of times each category is placed in the top 
four (more important) and bottom four (less important) categories) ranks the categories 
for each groups as follows:
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Table 18 - Impact Categories: Advocates’ Average Ranked Positions
Advocates %Freql-4 %Freq5-8
1. Ecosystem degradation 75% 25%
2. Resource depletion 70% 30%
3. Human health 55% 45%
4. Global warming 55% 45%
5. Ozone depletion 45% 55%
6. Smog formation 45% 55%
7. Eutrophication 30% 70%
8. Acid rain 25% 75%
Table 19 - Impact Categories: Ostriches’ Average Ranked Positions
Ostriches %FreqI-4 %Freq 5-8
1. Human health 90% 10%
2. Resource depletion 60% 40%
3. Smog formation 55% 45%
4. Ecosystem degradation 50% 50%
5. Ozone depletion 50% 50%
6. Eutrophication 45% 55%
7. Global warming 35% 65%
8. Acid rain 25% 75%
This analysis reveals significant differences between the groups :
• Human health was placed as ‘more important’ by 90% of the candidates in the 
ostrich group, but only by 55% of the advocates;
• Ecosystem degradation was considered ‘more important’ by 75% of the advocates, 
but only by 50% of the ostriches;
• Global warming is considered as ‘more important’ by the advocates, but ‘less 
important’ by the ostriches;
• Smog formation is considered ‘more important’ by the ostriches, but ‘less important’ 
by the advocates.
For both groups, the frequency analysis suggests a different ranking order for the
categories of environmental impact than for the average weights.
Table 20-Impact Categories: Advocates’ Comparison of Frequency and Weights 
Rankings
Advocates Frequency Ranking Av Weights Ranking
1. Ecosystem degradation Resource depletion
2. Resource depletion Human health
3. Human health Ecosystem degradation
4. Global warming Smog formation
5. Ozone depletion Global warming
6. Smog formation Ozone depletion
7. Eutrophication Eutrophication
8. Acid rain Acid rain
According to the criteria used, either global warming or smog formation would be 
considered a ‘more important category’ for those stakeholders in the ‘advocates’ group.
43
Part IV
CES - Test Case 4/5
G. Earl and A.Davey
Engineering Doctorate
The more important categories have also changed their rank order. This significantly 
suggests :
• Ecosystem degradation was ranked as more important by most people but that the 
relative scale of its importance was not so pronounced;
• Less people ranked resource depletion or human health as more important but those 
that did weighted it heavily, ie: felt it was relatively much more important than other 
categories.
For the ostriches, those categories considered more or less important remain the same, 
but some positions alter slightly depending on the criteria used, eg global warming is 
either seventh least important or 5th least important, etc.
Table 21-Impact Categories: Ostriches Comparison of Frequency and Weights 
Rankings
V Ostriches Frequency Ranking Av weights Ranking
1. Human health Human health
2. Resource depletion Resource depletion
3. Smog formation Smog formation
4. Ecosystem degradation Ecosystem degradation
5. Ozone depletion Global warming
6. Eutrophication Ozone depletion
7. Global warming Eutrophication
8. Acid rain Acid rain
Data Highlights
• Defining these two groups does not improve the correlation between categories;
• The average ranked position of environmental performance is at the extremes for 
each group, the advocates ranking it most important, the ostriches least important;
• On average the impact categories considered ‘more’ and ‘less’ important remain the 
same as for the overall group;
• For the impact categories, the difference between the groups is predominantly 
characterised by the relative importance of human health;
• The ostriches group had lower standard deviations, implying greater similarity in 
their preferences;
• The advocates tend to display more concern for eco-centric categories of impact, eg. 
ecosystem degradation;
• The ostriches tend to display more concern for anthropocentric categories of impact, 
eg. human health;
• There are notable differences in the average ranked positions of impact categories 
and the average weights allocated to categories.
6.3.3 Cluster Analysis
Using the rule set outlined in Table 6 the weights data collected for all the individuals
was analysed in order to define groups or ‘clusters’ of stakeholders. Data sets which did
not meet the rule set were not clustered and therefore it was not possible for all the
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weighting data to be included within the defined clusters - some weighting data was 
unique and not similar to any other. To ensure anonymity of results only the average 
weights and members of a stakeholder clusters are identified in this section.
6.33.1 Performance Categories
The cluster analysis of the performance categories produced four clusters and 
encompassed the data sets of 21 individuals or just over 50% of the available data. The 
other 20 data sets could only be grouped into clusters of 3 or less.
Cluster 1
Table 22 details the average weights and standard deviations for this cluster. Table 23 
details the cluster members. Figure 16 illustrates the cluster member weights and their 
relationship to the average calculated for the cluster.
Table 22 - Cluster 1 Average weights and Standard Deviations
Top Issues ^Avérage# Std. Dev
Quality Of Services 40% 11%
H&S Performance 28% 3%
Financial Performance 14% 5%
Environmental Performance 8% 4%
Ethical Performance 6% 2%
Comparative Performance 4% 3%
Average Std.Dev 5%
Table 23 - Cluster 1 Members
Types Number»
Operational 1 of 4
Academic 1 of 4
U.Grad 2 of 4
P.Grad 1 of 3
Cluster trends
For this cluster the dominant issue is Quality of Services. These stakeholders identified 
this as the most important issue and the one which was required before any of the other 
performance areas could be addressed. These stakeholders viewed quality as the driver 
for performance in the other areas particularly financial and environmental 
performance. Environmental , Ethical and Comparative performance were generally 
less important.
Stakeholder Clustering
This cluster consists only of internal stakeholders including 5 out of a total 24. Quality 
is undoubtedly important for the students since they are direct users of the University’s 
services.
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Table 24 details the average weights and standard deviations for this cluster. Table 25 
details the cluster members. Figure 17 illustrates the cluster member weights and their 
relationship to the average calculated for the cluster.
Table 24 - Cluster 2 Average weights and Standard deviations
Top Issues Average Std; Dev
Financial Performance 33% 5%
Quality Of Services 27% 10%
H&S Performance 19% 5%
Environmental Performance 10% 5%'
Ethical Performance 6% 2%
Comparative Performance 5% 3%
Average Std.Dev 5%
Table 25 - Cluster 2 Members
Types Number
Academic Staff 1 of4
Secretariat 3 of 5
Senior Manager 1 of 4
Cluster Trends
This cluster is similar to cluster 1 except that financial performance is more important 
and must be combined with Quality of Services to drive performance of H&S and 
Environmental performance. Once again ethical and comparative performance are less 
important issues for this cluster.
This cluster is not as ‘tight’ as the previous cluster since the ranks of the average 
weights do not totally agree with all the individual ranks of the stakeholder. However 
the standard deviation between all the weights amongst the stakeholders is small - so at 
the level of absolute preference there is agreement. It is therefore felt justified to define 
this as a cluster group on the basis of the data. It is important to reiterate once again that 
this analysis does not aim to force or classify stakeholder into particular ‘clusters’ or 
groups. It merely aims to highlight groups of stakeholders who share reasonable 
agreement on their weightings of issues and therefore act as a sensible staring point for 
continued debate. It is clearly more sensible to group stakeholders on this basis than on 
preconceived notions of how they should be grouped.
Stakeholder Clustering
This cluster contains only academic and higher management stakeholders. It shows the 
emphasis placed by internal stakeholder on financial performance and quality of 
services
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Cluster 3
Table 26 details the average weights and standard deviations for this cluster. Table 27 
details the cluster members. Figure 18 illustrates the cluster member weights and their 
relationship to the average calculated for the cluster.
Table 26 - Cluster 3 Average Weights and Standard Deviations
Top Issues Average StiLDev
Quality Of Services 41% 8%
Comparative Performance 27% 7%
Financial Performance 10% 5%
H&S Performance 8% 2%
Environmental Performance 8% 4% .
Ethical Performance 6% 2%
Average Std.Dev 5%
Table 27 - Cluster 3 Members
Types Number.
Funding 1 of 4
Company 2 of 2
P/Grad 1 of 3
U.Grad 1 of 4
Cluster Trends
Quality of services dominates as the most important issue; however comparative 
performance is also important to this cluster group as is financial performance. In 
comparison H&S, environmental and ethical performance are less important.
Stakeholder Clustering
This cluster contained a mixture of internal and external stakeholders. The common 
theme is that they are predominantly ‘users’ of the University’s services. It includes 
both companies interviewed who are tenants and two students who depend on the 
University’s facilities. Clearly ‘quality of services’ and ‘comparative performance’ are 
important since they are both important in defining the performance of the ‘service’ 
offered to these stakeholders.
Cluster 4
Table 28 details the average weights and standard deviations for this cluster. Table 29 
details the cluster members. Figure 19 illustrates the cluster member weights and their 
relationship to the average calculated for the cluster.
Table 28 - Cluster 4 Average Weights and Standard Deviations
Top Issues Avera# Std.Dev
H&S Performance 47% 10%
Environmental Performance 23% 8%
Quality Of Services 12% 7%
Comparative Performance 7% 4%
Financial Performance 5% 1%
Ethical Performance 6% 3%
Average Std.Dev 5%
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Types Number
Operational Staff 1 of 4
Secretariat 1 of5
Nat.regulation 2 of 2
L. Interest 2 of 3
Cluster Trends
This is the largest cluster identified. For this cluster health and safety is the dominant 
issue, with all other criteria except environmental performance being significantly less 
important. The least important issues .are comparative, financial and ethical 
performance.
Stakeholder Clustering
Both national regulators and two out of three local interest stakeholders are included 
within this cluster. It therefore shows a level of agreement between stakeholders who 
would be expected to share similar weightings - between the regulators and between the 
local interest stakeholders - but also between different types of stakeholder (regulator 
and local interest) who may not be expected to share similar weightings. At this stage it 
is not possible nor advisable to speculate why these stakeholders have ‘clustered’ in this 
way. The value of this is that it forms a focal point of reference to progress continued 
debate.
Sumnmry o f Performance Categories* Clusters
The cluster analysis of the performance categories produced 4 separate clusters. These 
clusters were defined within the bounds of the rule set defined in Table 6. This rule set 
aims to find stakeholders who share similar preferences, but not strictly similar rankings 
of issues. The results of the cluster analysis are summarised in Table 30 and in Figure 
20.
Table 30 - Cluster Analysis Summary
Issues Statistics
Cluster! Cluster 2 Cluster 3 Cluster 4
Comparative Performance 4% 5% 27% 7%
Environmental Performance 8% 10% 8% 23%
Ethical Performance 6% 6% 6% 6%
Financial Performance 14% 33% 10% 5%
H&S Performance 28% 19% 8% 47%
Quality Of Services 40% 27% 41% 12%
Figure 21 shows the 95% confidence limits for each cluster and confirms that within 
these designated clusters we cannot be 95% confident that candidates will agree on a 
rank order, or even which categories are ‘more’ and ‘less’ important. However, other 
significant observations can be made:
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• Cluster one is characterised by 95% confidence limits, that quality of services and 
health and safety performance are considered more important than the other 
categories;
• Cluster two is characterised by a 95% confidence limit that financial performance is 
considered more important than health and safety, environmental, ethical and 
comparative performance and by 95% confidence limits that health and safety 
performance and quality of services are more important than ethical and comparative 
performance;
• Cluster three is characterised by 95% confidence limits, that quality of services and 
comparative performance are more important than health and safety, financial, 
environmental and ethical performance;
• Cluster four is characterised by 95% confidence limits that health and safety and 
environmental performance are more important than financial, ethical and 
comparative performance.
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Figure 20 - Performance Categories Clusters : Summary
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6.33.2 Impact Categories
A cluster analysis of the environmental impact categories was carried out using the 
same rule set as for the performance issues. Although a number of fairly loose clusters 
were defined only two of these met the rule set defined in Table 6. Therefore the 
clustering of impact categories was less successful than of performance issues. There 
are several possible reasons for this:
1. Given that there were eight impact categories the total number of different 
permutations of these is much higher and the probability of finding clusters is 
reduced.
2. The environmental impact categories were less familiar to many of the respondents 
and more of them found difficulties in both understanding their definition and 
defining their preferences.
Cluster 5
Table 31 details the average weights and standard deviations for this cluster. Table 32 
details the cluster members. Figure 22 illustrates the cluster member weights and their 
relationship to the average calculated for the cluster.
Table 31 - Cluster 1 Average Weights and Standard Deviations
Environmental Criteria ï-Àvcl Std. Dev
Resource Depletion 29% 2%
Ecosystem Degradation 29% 1%
Eutrophication 9% 8%
Ozone Depletion 7% 2%
Smog Formation 7% 2%
Global Warming 7% 1%
Human Health 6% 3%
Acid Rain 6% 3%
Average Std. Dev. 3%
Table 32 - Cluster 5 Members
Types Number
Nat. Regulation 1 of 2
Loc. Planning 1 o fl
Funding 1 of 4
Cluster Trends
The important impacts for this cluster are ‘Resource depletion’ and ‘ecosystem 
degradation’. Less important impacts are eutrophication, global warming, smog 
formation, human health and acid rain. This cluster therefore deviates from the overall 
trend found by averaging all data which showed that human health was on average the 
most important issue and ranked in the top four the most often.
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Although this cluster only contains 3 stakeholders, because they all represent different 
organisations, and each could be thought of as representing a stakeholder group it was 
decided that this data could be considered a cluster. The cluster shows close agreement 
between a national regulator, a local planner and a funding source, all of which are 
classified as external stakeholders.
Cluster 6
Table 33 details the average weights and standard deviations for this cluster. Table 34 
details the cluster members. Figure 23 illustrates the cluster member weights and their 
relationship to the average calculated for the cluster
Table 33 - Cluster 6 Average Weights and Standard Deviations
Environmental Criteria Ave Std. Dev
Human Health 36% 11%
Resource Depletion 26% 9%
Ecosystem Degradation 9% 6%
Ozone Depletion 7% 4%
Global Warming 6% 4%
Eutrophication 5% 3%
Acid Rain 5% 2%
Smog Formation 5% 2%
Average Std. Dev 5%
Table 34 - Cluster 6 Members
Types Numbctsi
U.Grad 1 of 4
Operational Staff 1 of 8
L. Interest 1 of 3
Academic Staff 1 of 5
Cluster Trends
Human health and resource depletion are the most import impacts, ecosystem 
degradation is moderately important and ozone depletion, global warming, 
eutrophication, acid rain and smog formation are less important.
Stakeholder Clustering
This cluster is made up from predominately from staff and students who are all internal 
stakeholders. Although human health impacts are important to this group, which is 
perhaps unsurprising, smog formation is not, which is surprising since it has direct 
health connotations.
Summary o f Impact Clusters
The clustering of environmental impacts was not as successful as the top issues 
clustering and was able only to identify two sensible clusters. These are summarised 
below in Table 35 and Figure 20 .
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Table 35 - Environmental Impact Clusters
Issues Cluster 5 Cluster 6
Acid Rain 694 5%
Ecosystem Degradation 29% 9%
Eutrophication 9% 594
Global Warming 7% 6%
Human Health 6% 36%
Ozone Depletion 7% 7%
Resource Depletion 29% 26%
Smog Formation 7% 5%
Figure 25 shows the 95% confidence limits for clusters 5 & 6, and confirms that within 
these designated clusters we cannot be 95% confident that candidates will agree on rank 
order for the impact categories or even which categories are ‘more’ or ‘less’ important. 
However, it does characterise the groups as follows :
• Cluster 5 is characterised by 95% confidence limits that resource depletion and 
ecosystem degradation are significantly more important than human health, ozone 
depletion, global warming, acid rain and smog formation;
• Cluster 6 is characterised by a 95% confidence limit that human health is more 
important than ecosystem degradation, ozone depletion, global warming, 
eutrophication, acid rain and smog formation.
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Figure 24 - Impact Categories Clusters : Summary
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7. D iscu ssio n
This section discusses the results in the context of the methodology used, the procedure 
adopted and the implications of the data.
7.1 M e t h o d o l o g y
The MADE methodology was used to help meet the objectives of the research. From a 
research perspective the motivation in using the MADE methodology was to provide 
further support and data to validate the continued development of Earl et al's (1988) 
Stakeholder Value Analysis methodology. In this respect this study offered the 
opportunity to test the SVA’s approach with a challenging problem made complicated 
by the need to model the priorities of a wide and disparate stakeholder audience. 
Consequently this project also offers the opportunity to test the applicability of the SVA 
approach as a dialogue facilitation and consensus building tool.
From a practical viewpoint the choice of the MADE model was driven by its simplicity 
and ease of application ( particularly with lay individuals), its conceptual suitability to 
identifying, quantifying and analysing stakeholder priorities and hence its inherent 
suitability to meeting the research’s objectives.
Whilst some respondents experienced difficulties in understanding the definitions used 
in this study, this is not necessarily a fault of the methodology. In general, respondents 
seemed to find the pairwise technique helpful and in practically all cases the final 
weightings matched well with the ideas the respondents had for their weightings. In 
particular the technique was found helpful when dealing with groups. In this situation 
members could discuss and agree upon each pairwise comparison. It is much easier to 
think about two criteria than a the full list. Therefore the pairwise decisions could 
remain quite closely focused and the consequences of the particularly pairwise decision 
more easily related back to the group’s core goals. Finding consensus using this 
structured and focused ‘step-by-step’ technique was therefore much simpler.
Clearly a central indicator of the methodology’s value is the role it plays not only in 
quantifying stakeholder preferences but also the usefulness of this data. In this case the 
data analysis has shown both similarity of weight preferences (which can be interpreted 
as agreement) and differences in preferences (which can be interpreted as 
disagreement) between individuals and stakeholder groups (see section 7.3 below).
Although at this stage it is not certain whether these differences can be interpreted 
unambiguously as agreement or disagreement, this type of data is an important starting 
point or a stepping stone for continued dialogue. In this respect therefore the value of 
the results can only be truly evaluated once such a process has started. However it is 
probably fair to say that any dialogue process will benefit from some sort of structure 
and focus, both of which are outputs from this study.
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7.1.1 Categories
The imposition of a value-tree onto the University’s stakeholders did have its 
drawbacks, which included defining categories that were unfamiliar to the candidates, 
e.g. comparative performance. However, in order to secure the participation of such a 
breadth of stakeholders in significant positions of responsibility (including the 
University’s senior employees and distinguished members of the local community), this 
approach was necessary. It is believed that this was a worthwhile trade-off.
Although many candidates did encounter difficulties in comprehending the categories 
(less-so with the performance categories), those that followed the advice/instructions by 
reading and familiarising themselves with the descriptions were seen to be more content 
in completing the task. It may be significant that the most unfamiliar category, 
comparative performance, was frequently ranked as less important. Yet the University 
continually produces and quotes statistics that compare it favourably with other 
universities. This suggests that either, candidates did not grasp the meaning of the 
category, or that candidates do actually believe that excelling in certain areas of 
performance is more important and that comparing well with other universities is 
simply a by-product of achieving such excellence.
7.1.2 Impacts vs. Issues
Most candidates found the comparison of impact categories quite challenging, some 
seemingly relishing the challenge, others actively resisting it. The reasons for this may 
be attributed to: the number of categories to be compared; the unfamiliarity of some of 
the categories; and/or the lack of relevance of the categories to the candidate. Evidence 
of these reasons were apparent during many of the interviews where candidates 
expressed concern about the task ahead of them. The epitome of this discomfort was the 
candidate who refused to participate in this part of the study despite seeming to enjoy 
the challenge of the first part. Another candidate who ranked all the categories as equal 
appeared to genuinely believe that to be the case, and did not appear to be pursuing any 
other motive.
Many candidates needed the categories to be related to more meaningful descriptions 
relating to the University’s activities, and fi*equently many related categories 
immediately to more general issues of waste, transport and energy.
Candidates often interpreted the definitions in different ways as expected but in some 
cases inaccurately. For example, many could not make a distinction between resource 
depletion (the category definition) and resource consumption (more familiar issue). For 
this category many candidates could not relate to the reduction in stock level as the 
essence of the category but insisted on focusing upon the other categories of impact 
associated with resource consumption, eg. extraction, transport etc. In this case there is 
an unclear distinction between resource depletion as an environmental impact (i.e. 
‘change to the environment’; see introduction), and resource consumption as a human 
activity which drives resource depletion through resource extraction, transportation, use 
and disposal which all contribute to various categories of environmental impact.
59
Part IV G. Earl and A.Davey
CES - Test Case 4/5       Engineering Doctorate
The category of human health also proved to be frequently misinterpreted. However 
unlike the confusions with resource depletion which were only revealed as the 
interviews proceeded, the mis-interpretation was anticipated, and candidates were 
consistently reminded that human health referred only to impacts outside the University 
workplace (human health inside the workplace is considered to be part of ‘health and 
safety performance’ not ‘environmental performance’). The other categories did not 
suffer from the same problems for the majority were familiar to the candidates, except 
eutrophication which seemed to be satisfactorily defined.
In summary, there were a number of difficulties using impacts rather than issues:
1. Some candidates struggled to fully comprehend the concept of impact categories and 
instead preferred to revert to an equivalent or associated issue.
2. Candidates did not always accept definitions that conflicted with their own 
understanding of a related issue.
3. Categories needed to be related tangibly to the University.
4. There are too many impact categories for the pairwise technique.
However, the advantages are that:
1. The concept of impact categories has been introduced to a wider audience.
2. The difference between impacts and issues has been made clearer.
3. A lack of understanding of the difference between environmental issues and impacts 
has been demonstrated.
4. The environmental impact category of eutrophication has been introduced to a wider 
audience.
5. The University has more specific data available with which to influence its 
environmental strategy, than would have been obtained from looking at issues.
6. The underlying factors driving preferences are made much more explicit. An issue 
can be driven by many impacts. This data can suggest more specifically which 
impacts are important.
7.2 P r o c e d u r e
The majority of the candidates seemed to enjoy the interview process and to be pleased 
to participate in a stakeholder study for the University. Where individuals were grouped 
and attempted to reach consensus within their group, the process seemed much more 
rewarding. Views had to be justified, defended and occasionally conceded and this 
forced candidates to think in greater depth about their preferences and about the various 
issues they were attempting to prioritise.
A minority of individuals were not willing participants due to a variety of reasons the 
most popular of which was time constraints, but one candidate demonstrated cynicism 
about the value of the whole study and the ‘stakeholder’ concept. Such an attitude was 
not unique (as mentioned earlier one internal prospective candidate did not believe 
he/she was a stakeholder of the University, despite being an employee!). However, this 
does have implications for the definitions of a ‘stakeholder’ described in Section 2.3. It 
confirms the definition reported by Cowell et al (1997), that there is a distinction 
between a ‘stakeholder’ and an ‘interested party’ i.e. not all stakeholders are interested
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parties. This raises an interesting point that some stakeholders may not be willing to 
engage in dialogue nor therefore fulfil their role, which is of particular relevance to the 
idea of ‘responsible global citizenship’ - a topical item on the higher education sector’s 
sustainability agenda (Ali-Khan, 1996).
Although structured interviews are time-consuming, adopting this approach enabled 
greater participation by key stakeholders, particularly the University’s most senior 
employees.
7.3 D a t a  F in d in g s  &  Im p l ic a t io n s
7.3.1 Performance Categories
One of the primary reasons for entering dialogue with stakeholders is to bring a 
diversity of opinions, beliefs and priorities into the decision-making process. However it 
is just as important to attempt to define elements on which stakeholders basically agree 
and disagree. The idea being that this can help not only specify a strategy but also focus 
its negotiation and refinement.
The data analysis has shown some strong trends running both across all individuals and 
across our defined stakeholder groups. These trends constitute both agreement and 
disagreement on strength of preferences. Indeed it should not be too surprising to find 
disagreement between individuals classified in our stakeholder groups since these were 
defined quite broadly. It should also be remembered that the students, were not 
represented either through a representative stakeholder (for example student union 
president) or a representative sample. The following is very succinct summary and 
interpretation of the strongest trends.
Overall
• Heath and Safety and Quality of Services were the dominant criteria for a significant 
proportion of individuals. In fact 95% of the candidates weighted health and safety 
performance and quality of services more important than financial performance, 
ethical performance and comparative performance.
• Environmental and financial performance was not considered a dominant issue by 
the majority of candidates but frequently arose in the middle ground.
• Interestingly, half of the stakeholders interviewed ranked environmental 
performance as a ‘more important’ category (ie. top three) and obviously the other 
half ranked it as ‘less important’. This suggests that it is considered important but 
that other issues take precedence, most notably health and safety performance and 
quality of services.
• Ethical and comparative performance did not rank highly alongside the other 
categories. These categories were most fi'equently placed in the last and second to 
last positions.
These findings suggests a strategy that can be adopted to assist the pursuit of improved 
environmental performance, which is not to promote environmental management as a 
stand-alone activity but to integrate it as an essential component of health and safety
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management and of the quality of services offered. Thus environmental performance 
can be emphasised as affecting quality of services e.g. the quality of the internal 
working environment. A similar case can be made for the categories considered less 
important by the University’s stakeholders, ie comparative, financial and ethical 
performance. Therefore the suggestion is not to rely upon comparisons with the 
progress made by other universities, the financial savings to be made, or ethical 
responsibilities as motivating reasons to stimulate increased commitment to improved 
environmental performance.
Stakeholder Groups
Listed below are some observations in temis of strength of preferences^^ found within 
the groups defined at the outset of the study. Mostly these preferences relate to a single 
criterion being (on the whole) more important than the others. The conclusions and 
emphasis therefore differ from the cluster analysis which aims to find sets of 
individuals for whom the overall weights are similar.
• The financial, student and employee group showed a strong preference for quality of 
services as a more important criteria
• The regulators group showed a strong preference for health and safety performance 
as a more important criterion.
• The community group showed a strong preference for environmental performance as 
a more important criterion.
• The employees and the community group showed a strong preference for 
comparative performance as the least important criterion.
Clearly there are many areas of performance which are placed both high and low on the 
list of preferences by individuals from within one stakeholder group. Nonetheless the 
trends outlined above do suggest some overarching preferences which can be used to 
develop a strategy which more directly addresses specific stakeholder requirements. For 
example the community group stands out as the group that places greatest importance 
on environmental performance. We would therefore not expect a strategy that focused 
upon health and safety performance and quality of services, to satisfy the concerns of 
the community group.
Clusters
The clustering also offers some interesting insights. For example, the cluster analysis 
showed that both national regulators and two out of three local interest stakeholders are 
included within one cluster. It therefore shows a level of agreement between 
stakeholders who would be expected to share similar weightings, i.e. two regulators 
might be expected to agree on preferences and similarly so might two local interest 
stakeholders. However the clustering also shows similarities in preferences (agreement) 
between different types of stakeholder, in this case regulators and local interest who as
In this context a ‘strong preference’ is defined as a 95% confidence limit that one category is more 
important than the others considered.
Reference to the community group data shows that the weights data is fairly un-homogenous; however 
it is possible to say with 95% confidence that environmental performance is one of the more important 
criteria.
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a matter of course might not be expected to share similar weightings. Clearly it is 
dangerous to form any strong conclusions from this finding at this stage, rather the 
emphasis should be to use this as a focal point of reference to progress continued 
debate.
Overall the findings do lend support to the need to enter into dialogue with stakeholders 
and to carefully select key representatives or a representative sample from all identified 
stakeholder groups. The highlighted differences in preferences between individuals in 
one group further demonstrate the danger of assuming one stakeholder from a group can 
represent the other members of that group, especially when the group is very 
heterogeneous. For example these results show, not withstanding the overall trends, 
quite a varied mix of preferences amongst employees. To some extent the cluster 
analysis has been able to break down the employee group into a smaller sub-set or 
clusters which on the positive side suggests that representative stakeholders can be used 
if the group is defined tightly enough. However before any firm conclusions can be 
drawn it would be advisable to complete a follow up study using a much larger sample 
size^ '^ .
7.3.2 Impact Categories
Although there were significant differences between the preferences of the individuals 
interviewed, the results do show some strong trends which are significant in terms of 
the University’s environmental strategy.
Human health consistently arose as a more important issue. This can be interpreted and 
addressed in the University’s environmental strategy by focusing upon hazardous, 
clinical and radioactive waste management and on the purchase and use of chemicals or 
hazardous substances, including its petrochemical store. For example, the University 
could set an aim to better manage its use of chemicals, set-up a central database, aim to 
reduce the number of COSHH substances on it and publish the database and the 
progress towards the target. In addition acid rain and ozone depletion consistently arose 
as less important and therefore the use of NOx and SOx emissions or reduction in the 
use of CFG’s should be avoided as indicators of improved environmental performance.
Perhaps most importantly it is worth noting that the majority of those categories 
considered ‘more important’ are those that are considered to be locally felt rather than 
global, which lends support to the “think-local, act-local” adage reiterated by Adams 
(1996). This finding would not have been clear if the study had investigated stakeholder 
preferences for issues rather than impacts as in this case. For example the community 
group have indicated that smog formation and human health are on average the most 
important impacts for them whilst global warming and acid rain are less important. It 
was clear from the interviews that transport was a major issue for these stakeholders. 
However if the study had investigated stakeholder preferences amongst issues, then it is 
feasible that transport would have been identified as a major issue. In this case it would 
not have been clear per se whether this group were concerned with local impacts 
associated with transport such as smog or global impacts such as global warming. Using
In this case, looking for example at the employee group, whilst the study did include most o f the key 
employees, it did not, for example, include key union representatives or a representative sample of 
lecturers.
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impacts instead of issues has made this distinction explicit and provides the opportunity 
for the University’s environmental policy to more precisely target areas that are of 
specific relevance to its environmental performance.
For the pre-defined stakeholder groups there are less overall similarities in their 
preferences. This is not entirely surprising since:
• For some candidates environmental performance had a low priority and therefore the 
relevant importance of the specific environmental impacts was largely irrelevant to 
them;
• For others the problem was not being able to find any guidance to suggest the 
relative priorities of the impacts for their stakeholder group. This was particularly 
true for the financial and employee stakeholders. In some cases individuals admitted 
that the relative priorities were largely personal and not representative for the group 
they belonged to.
For many candidates the driving force behind their preferences was the University’s 
perceived greatest contribution. For others it was the relative contribution of the 
University’s activities in comparison to other organisation’s or sectors in the UK or 
world-wide. For others still, it was the perceived severity of the effects of the impact 
category, regardless of the University’s contribution. This is important for it suggests 
that for some stakeholders, the scale of the University’s contribution to a particular 
category is irrelevant but what concerns them most, is how (positively or negatively) the 
University contributes. This suggests that it may be advantageous not to quantify 
environmental impacts before conducting a study of this nature and that the ‘value tree’ 
used is appropriate - it does not reference the scale of the impacts. It is reiterated here 
that the aim of the study was not to identify what drives the preferences of the 
University’s stakeholders but that this evidence arose during the course of the study. It 
may be desirable to follow-up this study with such an investigation by using a more 
common simple attitude and awareness survey.
In conclusion then, although there was little agreement between stakeholders (both 
individual and groups), this is to a certain extent expected, especially when the issues 
are difficult or new^ .^ Therefore it is reasonable to expect that any process leading to 
the development of strategy which incorporates a wide range of views will be iterative. 
This data should therefore only be viewed as an initial step and not the final result. In 
fact the benefits of processes such as this are often not the data findings but the 
interactions and learning created through the process itself.
7.3.3 Correlations and Cluster Analysis
The investigation into correlations between data sets was revealing by the rarity of 
cases, i.e. very few significant relationships were found. The most significant 
correlation (in statistical terms and to this study) was that quality of services and 
environmental performance were found to be inversely related, i.e. those that 
considered quality of services important considered, environmental performance to be
In fact there was more significant agreement between groups than within groups, particularly regarding 
the most and least important categories which has implication for how the data is used (see section 7.3.4).
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less important and vice versa. This reiterates the findings above that environmental 
performance should be considered an integral component of quality of services in order 
to enhance its status and perceived importance within the University community. 
Environmental performance was also inversely correlated to the impact category human 
health, which suggests that those who consider environmental performance important 
are not concerned from an anthropocentric perspective (since the human health category 
is clearly the most obvious human related impact category, although all impacts are 
predicted to have human effects).
Quality of services was also inversely correlated with ethical performance, a category 
with significant links to environmental performance (environmental performance is 
often considered a sub-set of ethical performance).
In general, the hypothesis that the weights (or preference) data may contain some strong 
clusters has not wholly been upheld. Although the analysis of the performance data has 
brought out a number of strong clusters these only incorporate approximately 50% of 
the data sample, whilst the analysis of the environmental impact data was only able to 
highlight two noteworthy clusters.
The clustering of performance categories seems to suggest that the most coherent 
stakeholder groups are the employees and students, and to some extent local interest, 
regulators and financial. Hence although the overall analysis shows that there is 
significant difference in opinion between all of the employees interviewed, the cluster 
analysis has identified some ‘clusters’ within this large group.
The results also show that there is little agreement between stakeholders unless they are 
defined within very similar boundaries, e.g. live locally, or are employed by the same 
employer. This suggests that the greater the detail and precision in the definition of a 
stakeholder group, the more likely it is that those stakeholders in the group will have 
similar preferences.
The cluster analysis of the environmental impacts was less successful, although a strong 
trend did emerge which showed that stakeholders who could be classified as having 
local interest were (not unsurprisingly perhaps) concerned more with local impacts than 
other stakeholders.
7.3.4 Data Interpretation
The results have shown that stakeholder groups and individuals have considerably 
different priorities for a range of issues of relevance to the University. Even when 
stakeholders are sorted into groups, and individual candidates are clustered into groups 
based upon their responses, there are still differences within groups. There are therefore 
several options for actually using the data:
1. As the basis for further discussion between stakeholders. Stakeholders could be 
grouped according to their identified priorities and invited to attend a workshop to 
refine their preferences such that the group reaches a consensus.
2. Use the overall averages of the data as the basis on which to make decisions. This is 
clearly influenced by sample size and constituency.
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3. Use the averages of the group data, through which stakeholders were identified and 
invited to participate in the study. This effectively normalises for group size but for 
smaller groups also gives the potential for one candidate to have undue influence.
4. Weight the group data according to the perceived importance of each group, and 
average their responses. For example, if the employees were believed to be more 
important to the overall decision, their average data could be weighted as such.
For this study, the results have demonstrated that for the candidates interviewed, there 
are both significant similarities and differences in priorities within the identified groups. 
Also there is little difference in the outcome of the rank order of categories, whether or 
not the average data is group normalised. Therefore for this study, the overall average 
data will be used try to influence the development of the University’s environmental 
policy.
8. C o n c l u sio n s ^^
This project has shown both differences and similarities in individual and stakeholder 
groups preferences. That is the analysis identified trends across the whole data set (i.e. 
all individual) and across individuals classified into a specific stakeholder group, for 
example employees. In this case respondent’s weights have been used to model their 
preferences between the performance and impact criteria studied. Looking at all the 
data it is possible to conclude that in general the differences (between individuals’ or 
groups’ weights) outweigh the similarities; nevertheless both are important findings in 
terms of a process which aims to develop a stakeholder sensitive strategy.
Possibly the best way to apply this data is to use the identified ‘similarities’ as the basis 
for designing the general guiding principles for the strategy and the ‘dissimilarities’ as 
the basis and focal point for continued discussion and dialogue. These aspects are 
discussed further below.
In this case the ‘similarities’ imply that ‘Health and Safety’ and ‘Quality of Services’ 
are the most important performance criteria for the majority of the stakeholders 
interviewed. In this case therefore, if the University wishes stakeholders to buy in to its 
environmental policy it should aim to integrate its environmental management systems 
with its Health and Safety and Quality management systems. In other words 
environment performance should be shown as a complementary and not as an 
independent element of the University’s overall performance.
In terms of environmental impacts the trends were not as strong. Stakeholders were 
asked to prioritise impacts (e.g. smog potential, eutrophication) and not issues (e.g. 
waste, transport) and this meant many stakeholders were unfamiliar with the impacts 
and consequently struggled with the exercise. However the results do show that a 
significant majority of the stakeholders place highest priority on human health, smog 
formation and ecosystem degradation each of which is of course a highly local and
The significance o f the work in terms of the two authors’ Engineering Doctorate research differs. 
Therefore these conclusions relate solely to Graham Earl and are distinct fi"om those of Andy Davey. All 
other parts of this report have been jointly prepared.
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immediate effect. Global issues such as acid rain and ozone depletion were generally 
given limited priority. There was a further suggestion that according to stakeholder 
concerns, the university’s most significant environmental impacts surround the human 
health effects of its activities, e.g. its use of chemicals and other hazardous substances, 
and the generation of hazardous waste.
What is very interesting is that if the study had asked stakeholders to prioritise issues it 
is unlikely that the trend for local and immediate effects as opposed to global less 
certain effects would have been noticeable. For example, a high priority on transport 
tells you very little about a stakeholder’s underlying drivers, whilst using impacts does. 
Therefore it is felt that the disadvantage of using issues outweigh the disadvantages of 
using impacts. .
Furthermore these results suggest it would be preferable for the university to design and 
specify policies which focus on impact management. Since this is not always possible, 
then in the case of an issue driven policy, for example a transport policy, these results 
indicate that the local rather than global impacts of transport are most important, and 
should therefore be emphasised, particularly in relation to the community stakeholders.
In terms of using the preference data to develop a stakeholder sensitive strategy it is 
probably fair to conclude that the preference data is not homogeneous enough to safely 
suggest any single approach. Nevertheless the results are sufficiently encouraging to 
suggest that the identified similarities and differences can sensibly be used as an 
efficient focal point to manage further dialogue. Indeed the theme running across the 
whole study has been that the stakeholders identified and approached have on the whole 
been receptive and interested both in taking part but also in receiving feedback from the 
process. The latter would indirectly suggest that they are not only interested in the 
study’s finding but also presumably to contribute further. In this respect therefore the 
role and results of this study are much more suited to the shaping and moulding of an 
environmental strategy rather than its design and specification.
In fact one veiy important theme that has emerged from the study has been the value 
gained from the actual process. This has emerged in two distinct ways. Firstly, many of 
the approached stakeholders struggled with the environmental impact definitions, due in 
the main to unfamiliarity with the terminology and concepts. In fact the distinction 
between ‘impacts’ and ‘issues’ was in many cases not obvious or clear to some of the 
stakeholders. In this respect therefore the process not only introduced and helped the 
stakeholders understand the impact categories used it also reinforced the distinction 
between impacts and issues and therefore explicitly showed that an issue can lead to 
more than one impact. In other words the management of environmental performance is 
more complicated than deciding on the importance of issues - each issue can lead to 
many impacts - so it is the preferences for impacts which really matter.
Secondly, the process has helped to demonstrate the University’s commitment to 
consultation, and that it values the views of its stakeholders. It should be borne in mind 
that although most stakeholders were seen to enjoy participating in the process, some 
stakeholders were particularly cynical as to whether the output of the study would be 
used by the University, i.e. whether or not they could actually influence the University’s 
future strategy. Therefore it is important to realise that this project is really only the first
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Step and therefore that the University needs to take the process further, although this 
will not necessary be simple - Section 11 contains a selection of choice quotes which 
illustrate the scope and nature of the challenge facing the University.
Looking back to the aims and objectives set out in section 2.4, it is felt that these have 
on the whole been met. From a research perspective this project it has shown that the 
MADE model can be applied with and the data interpreted from a wide and disparate 
set of stakeholders. This data is applied and interpreted in two ways. Firstly the 
similarities can be used to identify and specify specific elements of a strategy. 
Secondly, and just as importantly the identified dissimilarities in preferences can be 
used to focus and therefore more effectively progress a continued dialogue process.
Whilst the project has shown some potential pitfalls in stakeholder identification and 
classification, these are not considered insurmountable. Indeed the analysis has 
indicated that it may be a prerequisite of stakeholder classification'^ to carry out some 
sort of preliminary screening exercise. Indeed if the stakeholder group being addressed 
is particularly heterogeneous and difficult to represent it may be preferable to first use a 
remote postal survey most probably followed by a select few one-to-one interviews.
On the other hand, where the stakeholder group was fairly homogenous this research 
project has shown the strength of the pairwise comparison approach for finding intra 
stakeholder group consensus. One notable example involved a company on the research 
park. In this case the company’s Technology, Marketing, Finance, Sales and EH&S 
directors were guided through the pairwise process. Each pairwise preference decision 
was discussed, justified, and defended with the directors working as a group. Clearly 
not all the directors immediately agreed on each separate preference decision at the 
outset, however by focusing on each pairwise trade-off, and relating it to the company’s 
stated and strategic objectives it was possible to reach an agreeable position in all cases.
From a purely practical perspective the output from the MADE model has produced 
data which can be used to define some specific recommendations for designing a 
stakeholder sensitive environmental strategy for the University of Surrey. Whilst the 
MADE process itself has stimulated interest amongst the university’s stakeholders and 
produced a basis upon which continued dialogue can be guided, facilitated and most 
importantly perhaps progressed.
9. RECOMMENDATIONS
For the University o f Surrey \
1. The University of Surrey’s environmental policy should tentatively focus upon the 
human health effects of its activities.
2. To succeed in its pursuit of improved environmental performance, the University 
should attempt to integrate environmental concerns into health and safety 
management and its pursuit of quality services.
17 This means putting individuals into particular stakeholder categories, e.g. employees
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3. The University of Surrey should continue to engage its stakeholders in a structured 
manner.
4. The University of Surrey should actively promote the engagement of stakeholders as 
a worthwhile and essential corporate tool.
5. The University should continue to use an impacts-led environmental strategy.
6. An attitude and awareness survey should be conducted at the University of Surrey, to 
confirm or otherwise, the findings of this study and to incorporate more stakeholders 
in the development of its environmental policy.
7. The results of this study should be made publicly available.
For the HE Sector ;
1. Institutes in the HE sector should (and under Agenda 21 are obliged to) actively 
engage their stakeholders in both decision making and/or strategy development.
For Stakeholder practitioners:
T. For diversity of opinions deliberately define and involve broad/heterogeneous 
groups.
2. To help reach intra group consensus, define tight or homogenous groups.
3. Structured interviews are most suited to homogenous groups, since they can be 
represented by a few select individuals
4. Postal surveys are better suited to heterogeneous groups, since larger sample sizes 
are required.
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11. A d d e n d u m
Some unattributed comments from the interviews.
“Global warming isn’t happening is it?”
“Acid rain is important but we’re not in Scandinavia”
“Global warming, that’s if you believe in it”
“They’re all very similar” (on impact categories)
“They’re not my problem” (on global impact categories)
“Nothing left to do” (on ozone depletion)
“People that will die from climate change will not be in the UK”
“The University does not significantly influence or have a role in shaping policy” 
“Within the great aggregate of things, the University cannot make much of a difference” 
“The University does not have a role in leading by example”
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U n iv e r s it y  o f  Su r r e y  
The University of Surrey has activities, services and 
operations. We have defined each as follows :
Activities : Primarily teaching and research.
Services : Those which underpin the activities - education 
and information provision, consultancy, policy guidance, 
catering, conferences, printing, sport, recreation, 
entertainment, retail, accommodation, library, leaseholds, 
careers guidance, staff training, employment, career 
development, hospitality.
Operations : How it carries out its activities and provides 
its services. It manages resources (human, energy, 
materials and waste) and finances (sources and spends 
revenues). It cleans, constructs, maintains, heats and lights 
buildings; it maintains and develops land; it transports 
people and goods; it generates documents, waste, 
pollution, noise and odour; it consumes money, energy, 
land and food.
E n v ir o n m e n t a l  P e r f o r m a n c e
A measure of how well it manages its 
environmental impacts. There are 
essentially two elements:
1. Identification of the environmental 
impacts that the University generates 
through its activities.
2. How the negative impacts are 
managed, controlled and ultimately 
reduced.
F in a n c ia l  P e r f o r m a n c e
A measure of how well it manages its 
finances. For continued existence it 
cannot afford to make a loss over a 
financial year. Some may consider being 
profitable essential for long-term growth 
and viability.
E t h ic a l  P e r f o r m a n c e
A measure of the degree to which the 
University acts unethically either through 
its own activities or through dealing with 
others with a disputable ethical record. 
Elements where this may be pertinent 
include, investments (including pension 
funds), sources of research funding, 
collaborative partners, animal 
experimentation.
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C o m pa r a t iv e  P e r f o r m a n c e
A measure of how the University of 
Surrey compares directly with other 
higher education institutes on aspects not 
considered elsewhere, eg location, 
accessibility, reputation, identity, 
familiarity.
H ea lt h  and  Sa fe t y  P e r fo r m a n c e
A measure of how well the University 
manages the health and safety of its 
employees, students and visitors. Both 
toxicological (eg acute toxicity, irritation, 
corrosivity, mutagenicity, 
carcinogenicity, toxicity for 
reproduction) and non-toxicological (eg 
physical impacts, psychological impacts, 
discomfort) effects on human health are 
of concern.
Q u a lity  o f  Ser v ic e s
Is a measure of the standard of the 
University’s services, as indicated by, 
student numbers, student drop-out rate, 
graduation rate, graduate employment 
record, research assessments and awards, 
number of staff dismissals, staff 
turnover, staff morale.
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I m p a c t  C a t e g o r ie s  - Su m m a r y
The detailed descriptions of each impact category are 
summarised by describing their 
characteristics/performance with respect to the elements 
most likely to drive stakeholders’ priorities. These 
elements are :
Direct Effect : The primary physical, biological and 
chemical effects of the impact (not the impact itself).
Indirect Effect : Secondary effects that occur as a 
consequence of the direct effect, often emerging as 
contributions to other impact categories.
Where : Geographical area/scale of the impact ;
Local -  University grounds and local community (eg 
Guildford borough).
Regional = South-east region of the UK 
National = The UK
Local-Global = Neighbouring European Countries 
Global -  World wide 
PTO ....
Who : The type and scale of populations affected.
When : The timescale, reversibility and duration of the 
most significant effects.
UoS : How the University o f Surrey (UoS) may 
contribute to the impact through its operations and 
services.
N o te
For each category there is an argument that the University 
may contribute indirectly through its teaching activities - 
either through bad practice or through failing to teach 
about certain issues. There has been a certain moral 
responsibility allocated to Universities in general, to teach 
about the causes and scale of environmental degradation 
that result from human activities and the predicted 
consequences for current and future human populations. 
This aspect has not been included in the suggestions for 
the University’s contributions to the impact categories.
R e s o u r c e  D e p l e t io n  : E n e r g y , 
M a t e r ia l s , W a t e r  a n d  L a n d .
The consumption of resources (eg fossil fuels, 
minerals, water from unreplenished aquifers, 
area of land built upon) that are finite and that 
therefore, once consumed, are not available for 
use by future generations. There are resources 
that are considered infinite, ie those that are 
renewable within a human lifetime, only if they 
are consumed at a rate less than the 
regeneration rate (eg crops, wood, clean air). 
Finite resources are those not considered 
renewable within human timescales.
R eso u r c e  d e p l e t io n
Direct Effects : Reduction o f  ultimate levels o f  a 
finite stock may affect the ability o f  future 
generations to survive and prosper.
Indirect Effects : Attributable to the extraction o f  
the resource eg mining which contributes to all the 
other impact categories.
W here : Global
Who ; Universal
W hen : Intergenerational.
UoS : Energy consumption, material use, new  
buildings and site developments, waste generated 
and disposed in landfill.
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H u m a n  H e a l t h  ( T o x i c o l o g i c a l  a n d  n o n -  
t o x i c o l o g i c a l )  - OUTSIDE THE WORKPLACE 
The effects the University’s operations and
services have on human health both
toxicologically, (eg acute toxicity, irritation,
corrosivity, sensitisation, repeated dose toxicity,
mutagenicity, carcinogenicity and toxicity for
reproduction) and non-toxicologically (eg
physical impacts, psychological impacts,
discomfort due to nuisance and infections).
NOT applicable to employees in the workplace
or site visitors, which are governed by Health
and Safety Performance.
H um an  H ealth
(NOT DUE TO EFFECTS OF OTHER IMPACT CATEGORIES) 
Direct Effects : Acute toxicity, irritation, 
corrosivity, mutagenicity, carcinogenicity, toxicity 
for reproduction, physical impacts, psychological 
impacts, discomfort.
Indirect Effects : Disability, injury, death, infection, 
disease.
W here : Mostly local.
W ho : Local community (not site visitors or 
employees).
W hen : Maybe instantaneous or accumulative (for 
long-term exposure).
UoS : Chemical use and disposal, laboratory 
experiments, building refurbishment, plant 
operation.
G l o b a l  W a r m in g  
The warming of the planets average temperatures due to
anthropogenic inputs of gases that contribute to the
greenhouse effect. Thus emissions of, for example carbon
dioxide from fossil fuel burning, have raised the quantity
of CO2 in the atmosphere, above the naturally occurring
levels, trapping more of the sun’s energy than would
naturally be desired. The problem is exasperated through
the destmction of the planet’s “carbon sinks” eg forests
and oceanic plankton, which absorb and release carbon
dioxide and thereby also act to control the overall quantity
of CO2 in the atmosphere. The effects are predicted to be
changes in climate patterns, rising o f sea-levels, loss of
low-lying land, disrupting food production, redistributing
diseases, etc. The marginalised people of the world are
predicted as those likely to be most affected.
Glo ba l  w a r m in g
Direct Effects : Changes in climate.
Indirect Effects : Rise in sea-levels, loss o f  low- 
lying land, dismption o f  food production, starvation.
W here : Globally.
W ho : Marginalised peoples most likely.
W hen : Uncertain, but predicted within human 
timescales.
UoS : Combustion o f  fossil fuels for transport and 
energy.
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D e p l e t io n  o f  s t r a t o s p h e r ic  o z o n e  
Depletion of a layer in the earth’s upper atmosphere.
Predicted to lead to increased exposure of UV radiation
which is known to be a significant risk factor for skin
cancers, eye cataracts, and immune system suppression.
Peoples with lightly pigmented skins are most susceptible
to melanoma and non-melanoma skin cancer, but all
peoples are at risk of contracting eye disorders and
suppression of the immune response system. UV-B
radiation also impacts on plants and hence on ecosystem
functioning therefore ozone depletion may also reduce
agricultural and fisheries productivity in the long term.
The people most likely to be affected are those living
where shortages of food already exist or where there is an
inadequate health service.
O z o n e  D e p l e t io n  
D irect Effects : Depletion of a layer in the earth’s upper 
atmosphere leading to increased levels of UV radiation.
In d irec t E ffects : Increased risk o f skin cancer, eye 
disorders and suppresion of immune response, reduction 
of agricultural productivity.
W here : Global
W ho ; Everyone, but those nations with inadequate health 
or insufficient food, will suffer greatest.
When ; Believed to be occurring now, with a hysteresis 
of 50 years for remedial action to take effect.
UoS ; Use of ozone-depleting chemicals (eg CFC’s, 
halons, methyl bromide), particularly in air conditioning 
and refrigeration plant, and through laboratory 
experiments.
A c id if ic a t io n  
Acidification occurs naturally, but increased rates have 
been attributed to human activity in particular to the 
combustion of fossil fuels in power stations and motor 
vehicles. These processes produce sulphur dioxide (SO2) 
and oxides of nitrogen (NOx) which react with other gases 
in the atmosphere (eg ozone, hydroxyl ions,) and water to 
produce sulphuric and nitric acid. Deposition of the acid 
can either be wet, falling as rain, snow or dew - hence the 
term “acid rain”, or dry where the precursors of the acid 
fall on a surface which is subsequently mixed with water.
It is a form of air pollution with its effects often occurring 
at very distant locations from the source of the pollution. 
The effects include; damage to buildings and monuments 
if they are made from materials that contain limestone; 
damage to ecosystems which is thought to include 
vegetation and tree destruction and growth impairment; 
acidification of soil, groundwater, inland and coastal 
waters and subsequent disruptions to whole ecosystems 
including the deaths of plants, organisms, insects and fish.
ACID RAIN (ACIDIFICATION)
Direct Effects : Damage to buildings and 
ecosystems firom increased acidity o f  water and soil.
Indirect Effects : Death o f  plants, organisms, 
insects and fish. Increased mainatenance costs.
W here : Neighbouring countries.
W ho : Indiscriminate - subject to prevailing winds.
W hen : Accumulative and possibly irreversible 
effects on ecosystems.
UoS : Combustion o f  fossil fuels for transport and 
energy.
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E u t r o p h ic a t io n
The pollution of water with organic and mineral nutrients 
such that the balance of the water’s ecosystem is 
disturbed. Eutrophication results from nutrient addition to 
water - nitrates and phosphates which emanate from 
fertiliser use, sewage output and urban run-off.
The increased nutrient loading of the water stimulates 
algal growth at the expense o f other plant life and reduces 
the oxygen content of the water leading to the extinction 
of animal life (eg fish), increased sedimentation and an 
overall decrease in water quality. High nitrate levels in 
water (and food) are thought to be a human health risk, 
through a contribution to the formation of cancers and are 
known to be dangerous to the young.
E u t r o p h ic a t io n
Direct Effects ; Increased nutrient loading of inland, 
coastal and underground waters leads to increased algal 
growth at the expense of other plant life, by reducing the 
oxygen content of the water.
Indirect Effects ; Extinction of animal life (eg fish), 
increased sedimentation and decrease in water quality. 
High nitrate levels in water are thought to be a human 
health risk.
Where : Local.
Who : Mostly regional and national populations.
When ; Accumulative and instantaneous in extreme 
circumstances.
UoS ; Fertiliser use, urban run-off, and sewage output.
P h o t o -c h e m ic a l  o x id a n t  F o r m a t io n  
A source of secondary air pollution more commonly 
known as “smog”. One of the chief components is ozone, 
a colourless odiferous gas which is produced in the 
atmosphere when sunlight triggers certain chemical 
reactions. The pre-cursors, or chemicals, that are initially 
needed for this reaction to take place include volatile 
organic compounds (VOC’s) and nitrogen oxides 
(NOx). VOC’s are released into the air when petroleum 
products are combusted, handled or processed. Nitrogen 
oxides are also produced by combustion. Ozone levels are 
typically highest during daytime hours in the summer 
months when heavy morning traffic releases large amounts 
of VOC’s and nitrogen oxides in the presence of sunlight. 
Smog contains components which are irritants to eyes, 
nose, throat and lungs and levels of ozone high enough to 
cause health problems for people are also high enough to 
damage crops, vegetation and buildings. A local air 
pollution issue.
Sm o g  F o r m a t io n
(PHOTO-CHEMICAL OXIDANT FORMATION)
Direct Effects : Irritation to eyes and respiratory 
passages. Damage to crops, vegetation and buildings.
Indirect Effects : May induce or contribute to other 
health effects, eg asthma, and may therefore affect work 
performance and increase “sick-leave”.
Where : Local
Who ; Local community
When ; Weather dependent and therefore under “right” 
conditions, instantaneous. Direct effects may diminish 
with smog dispersion although indirect effects may persist 
over time.
UoS : Use of road vehicles to transport its staff, students 
and materials to and from the campus.
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E c o s y st e m  De g r a d a t io n  : E c o t o x ic o l o g ic a l  
im p a c t s . H a b it a t  a l t e r a t io n s  a nd  im p a c t s  on  
b io l o g ic a l  d iv e r s it y
An ecosystem is a community of interacting and 
dependent populations of different species and its physical 
environment (including features such as light, moisture). 
The degradation of an ecosystem may thus be classified by 
a reduction in the number of species in the ecosystem 
(diversity), or by a reduction in population numbers. This 
may occur by directly killing specimens (eg through 
toxification), by interfering with the interactions between 
species (eg by genetic modification) or by interfering with 
the physical environment itself. Of specific relevance to 
toxification, are the EEC directives for the classification 
of chemicals which are based upon three parameters: 
acute toxicity towards aquatic organism, bioaccumulation 
in fish or bioaccumulation potential and degradability.
E c o s y s t e m  D e g r a d a t io n
(NOT DUE TO EFFECTS OF OTHER IMPACT CATEGORIES)
Direct Effects : Habitat loss, reduced biodiversity, species 
extinction.
Indirect Effects : Loss of potentially valuable information 
and any perceived “existence value”.
Where : Mostly local and regional.
Who : Global populations
When : Maybe instantaneous or accumulative due to 
long-term exposure. May be irreversible (eg species 
extinction) effects.
UoS : Use and disposal of chemicals, laboratory 
experimentation, management of its land.
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Letter of Invitation/Briefing Note________    Engineering Doctorate
«Title» «FirstName» «LastNarae»
«JobTitle»
«Company»
«Address 1»
«Address2»
«City»
«State» «PostalCode»
December 4, 1997 
Dear «Title» «LastName»
As part o f  our Engineering Doctorates in Environmental Technology, we are conducting research into 
the engagement o f  stakeholders in environmental policy formation. The University o f  Surrey has 
recently committed itself to environmental improvement through the implementation o f  an 
environmental policy and by joining the prestigious, HE (Higher Education) 21 Project. This project is 
run by the Forum for the Future, a UK charity set up by three o f  the U K ’s best known 
environmentalists, Jonathan Porritt, Sara Parkin and Paul Ekins, with “the explicit purpose o f  taking a 
positive solutions-orientated approach to the challenge o f  sustainable development”.
The University o f  Surrey is cuixently in the process o f  developing and implementing its environmental 
policy. Our research aims to feed the policy with information from the University’s identified 
stakeholder groups. Stakeholders have been defined as “anyone who has an interest or ‘stake’ in the 
outcome o f  a policy or decisions”. As «Country», we are interested in your views on aspects o f  the 
University’s environmental policy and would be grateful i f  you would participate in our research. Your 
participation will involve an informal meeting with us, which should last no longer than one hour. W e 
will ask you some questions which aim to identify your priorities for the University’s environmental 
policy.
If you do not feel you are the right person to represent your organisation or group, please pass this 
letter on to someone who you think will be able and willing to assist us. We wiU be in contact in the 
near future to discuss our proposal and to answer any questions or concerns that you may have. In the 
mean time, please feel free to contact us. We hope that you will be prepared to participate in this study 
and subsequently contribute to the development o f  the University’s environmental policy.
Thank-you for your time, and we look forward to working with you in the near future.
Yours sincerely.
Andy Davey Graham Earl
Research Engineers,
Centre for Enviromnental Strategy, University o f  Surrey, Guildford, Surrey GU2 5XH. 
Tel: 01483 3 0 0 8 0 0 x 2 1 8 4
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B r ie f in g  f o r  St a k e h o l d e r s
There are two parts to our study. Firstly we wish to know what aspects of the University’s 
activities, services and operations are the most important to you. In order to secure a range of 
consistency in the responses, we have defined, for our purposes, the University’s primary 
activities, its services and its operations, and established five categories of performance. 
These are all explained on a set of summary cards.
During our meeting, you will be introduced to a technique, known as “pairwise comparisons” 
which we will use to try and quantify your priorities (weights), as a representative of your 
stakeholder group, for the five categories of performance. The method works by asking you 
to compare your relative preference between all pairs of the performance categories one at a 
time. Each time you make a comparison this data will be input into a computer model. Once 
all your pairwise comparisons have been made the model will calculate your relative weights 
for the five performance categories and a consistency index. The consistency index will tell 
us how consistent your pairwise comparisons have been and indicate comparisons which may 
need to be revised.
The second stage will be similar to the first except for the categories we ask you to compare 
using the pairwise technique will now consist of eight categories of environmental impact, to 
which the University may contribute. Again summary cards will be used to define each 
category to help ensure that you fully understand the meaning and implication of each 
category. We have identified how the University may contribute to each, but quantification 
of contributions has not been made. We therefore need you to identify which category of 
environmental impact is the most serious or important to you (your group) regardless of how 
large or small the University’s contribution is. Once these contributions are later identified, 
the views of all the University’s stakeholders will be included in prioritising areas for action, 
within the environmental policy.
To save time during the meeting, we have enclosed a booklet of the summaiy cards that if 
possible, we would encourage you to read in advance. An essence of familiarity will certainly 
speed up the process on the day. A full briefing paper of the methodology developed is 
available on request.
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